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STATE  OF  CALIFORNIA 

iFjiartm? ttt  0f  Wutn  l^tBonxaB 

SACRAMENTO 

June  16,   1958 


Honorable  Goodwin  J.  Knight,  Governor,  and 
Members  of  the  Legislature  of  the 
State  of  California 

Gentlemen : 

I  have  the  honor  to  transmit  herewith  Bulletin  No.  39-57>  entitled 
"Water  Supply  Conditions  in  Southern  California  During  1956-57".  This  annual 
report  is  one  of  a  series  of  bulletins  on  a  continuing  investigation  of  water 
problems  in  southern  California.  This  investigation  is  being  conducted 
pursuant  to  Chapter  832,  Statutes  of  I929. 

During  the  Water  Year  1956-57  (October,  I956,  through  September, 
1957)^  there  was  a  continuation  of  the  drought  which  has  prevailed  in  southern 
California  since  19^^^  and  which  has  been  interrupted  only  by  the  above  normal 
year  of  1951-52.  Precipitation  in  coastal  southern  California  was  generally 
on  the  order  of  70  per  cent  of  the  mean,  and  the  runoff  of  streams  in  this 
area  dropped  off  to  even  a  lower  percentage,  about  25  per  cent  of  the  mean. 

On  October  1,  1957^  surface  storage  reservoirs  in  coastal  southern 
California  dependent  on  natural  runoff  were  practically  empty,  containing 
only  about  8  per  cent  of  their  total  capacity.  On  the  other  hand,  storage 
in  Lak.e  Mead  on  the  Colorado  River  increased  from  k'J   to  79  per  cent  of 
usable  capacity  during  the  I956-57  water  year.  As  a  result  of  the  drought, 
ground  water  levels  have  continued  to  decline  throughout  the  southern 
California  area  establishing  new  historic  low  elevations  in  many  instances. 
In  the  coastal  portion  of  Los  Angeles  County,  water  levels  were  depressed 
to  more  than  70  to  80  feet  below  sea  level,  and  in  this  basin,  as  well  as 
several  other  coastal  basins,  sea-water  intrusion  continued  unabated. 

To  offset  the  deficiency  of  local  water  supplies  in  coastal 
southern  California,  appreciable  increases  were  made  in  imported  supplies 
through  the  Los  Angeles  and  Colorado  River  Aqueducts.  These  imports  to  the 
coastal  areas  of  southern  California  totaled  about  932,000  acre-feet,  which 
is  22  per  cent  greater  than  the  previous  year.  The  increase  in  available 
Colorado  River  water  was  being  made  possible  by  an  expedited  construction 
program  of  The  Metropolitan  Water  District  of  Southern  California  to  augment 
the  capacity  of  their  facilities.  A  considerable  portion  of  the  imported 
water  was  being  used  for  the  purpose  of  recharging  ground  water  basins. 


Honorable  Goodwin  J.  Knipht,  Governor,  and 
Members  of  the  Legislature  of  the 

State  of  California  -2- 


June  16,  1958 


In  other  areas  in  southern  California,  where  imported  supplies  are 
not  available  or  are  limited  and  where  pround  water  basins  are  small  and 
have  limited  carry-over  storage,  problems  of  water  supply  were  becoming  very 
critical  by  the  sximmer  and  fall  of  1957. 


Very/ truly  yours. 


HARVEY  0. 
Director 
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CHAPTEK  lo   INTRODUCTION 

This  report  is  the  twenty-sixth  of  a  series  begun  in  1932  in 
recognition  of  the  need  for  collecting  and  publishing  basic  hydrologic  data 
for  use  in  the  continuing  study  of  water  problems  in  southern  California. 
The  report  for  this  year  has  been  expanded  over  previous  publications  to 
include  data  for  the  entire  Southern  California  District  area,  the  location 
of  which  is  shown  on  Plate  1.  Included  for  the  first  time  is  information 
concerning  weather  modification  project  operations,  runoff  to  the  ocean, 
disposal  of  sewage  to  the  ocean,  artificial  recharge,  and  sea-water 
intrusion. 

The  drought,  which  commenced  in  19^4-^5^  continued  unabated 
through  the  seasonal  year  I956-57  smd  the  months  of  November  and  December 
were  among  the  driest  for  these  months  in  southern  California  history. 
This  protracted  drought  has  been  interrupted  only  by  the  wet  year  1951-52. 
Seasonal  unimpaired  runoff  in  southern  California  streams  was  considerably 
below  the  mean  for  the  53-year  period  l89i+-19U7.  Runoff  in  Arroyo  Seco  near 
Pasadena,  for  example,  was  15.^  per  cent  of  the  long-time  mean. 

The  below  normal  rainfall  and  runoff  coupled  with  industrial  and 
population  growth  continued  to  have  an  adverse  impact  on  water  supply  condi- 
tions. For  the  most  part,  reservoir  storage  was  near  an  all  tim.e  low.  Draft 
on  ground  water  aquifers  continued  to  be  in  excess  of  recharge  thereto  with 
the  result  that  ground  water  levels  continued,  to  drop,  and  in  coastal  areas, 
sea -water  intrusion  into  fresh  water  aquifers  continued.  Supplemental  water 
imported  from  the  Owens  Valley  through  the  Los  Angeles  Aqueduct  amounted  to 
about  330,000  acre-feet,  which  is  the  present  maximum  practicable  capacity 
of  the  facility.  Delivery  of  water  from  the  Colorado  River  through  facilities 
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of  Tcie  Metropolitan  Water  District  into  southern  California^,  as  measured  at 
Hayfield  Pumping  Station^  increased  approximately  172,000  acre-feet  during 
1956-57  season  to  a  seasonal  total  of  about  602,000  acre=feet. 

In  some  cases,  the  availability  of  water  supply  was  becoming 
critical  by  the  summer  and  fall  of  1957 »  This  was  partictilarly  true  in 
areas  where  no  supplemental  supply  exists  or  whers  such  supply  is  limited,  as 
in  the  northern  portion  cf  San  Diego  County.  In  these  areas,  existing  surface 
storage  of  natural  runoff  was  nearly  exhausted^,  the  existing  ground  water 
basins  eire  small,  and  the  limited  carry-over  storage  was  nearly  depleted..  In 
the  City  of  San  Diego,  an  extensive  and  effective  water  conservation  campaign 
was  conducted  during  the  dry  months. 

Authorization 

The  Legislature,  by  Chapter  832,  Statutes  of  1929?  directed  that 
exploration  and  investigation  be  conducted  for  the  furtherance  of  a  coordinated 
plan  for  the  conservation,  development,  and  utilization  of  the  water  resoiirces 
of  California.  As  a  result  of  this  legislation,  the  Division  of  Water  Resources 
undertook  a  continuing  hydro logic  investigation  of  the  southern  California  area. 
Initially,  this  included  some  investigation  of  the  quality  of  irrigation 
waters;  however,  pursuant  to  Chapter  1552,  Statutes  of  19^9,"  this  work  was 
expanded  to  include  the  study  of  pollution  and  degradation  of  waters  of  the 
State.  Effective  July  5,  I956,  the  responsibilities  of  the  Division  of  Water 
Resources,  Department  of  Public  Works,  except  water  rights,  were  assigned  to 
the  Depai'tment  of  Water  Resources  puz'suant  to  Chapter  52,  Statutes  of  1956. 


Prior  Reports 

Bulletin  No.  39,  entitled  "Records  of  Ground  Water  Levels  at  Wells", 
was  published  in  1932  as  a  part  of  the  investigation  under  Chapter  832. 
Since  1932,  water  levels  at  selected  wells  have  been  published  annually  in 
Bulletins  39-A  throiigh  39-W,  the  last  of  the  lettered  series  reports,  and 
Bulletin  39-56.  Bulletin  No.  39-56,  the  first  of  the  numbered  series  followed 
Bulletin  No.  39-W  with  no  interruption  in  the  continuity  of  data.  Seasonal 
precipitation  data  from  United  States  Weather  Bureau  records,  as  well  as 
from  records  at  stations  not  incliided  in  official  publications  of  that  agency, 
were  first  published  in  Bulletin  No.  39-A  and  have  been  incorporated  in  all 
subsequent  publications  of  the  series. 

Since  1930  many  bulletins  covering  various  aspects  of  the  hydrology 
of  the  South  Coastal  Basin  have  been  published  by  the  Department  of  Water 
Resources  and  its  predecessor,  the  Division  of  Water  Resources.  These 
bulletins  include  data  on  water  use,  ground  water  levels,  quality  of  water, 
value  and  cost  of  water  for  irrigation,  water  losses  and  evaporation  data, 
underground  geology,  and  evaluation  of  overdraft  on  ground  water  basins  in 
southern  California.  These  bulletins  includes 


California  State  Department  of  Public  Works,  Division  of  Water  Resources. 
"Santa  Ana  River  Basin".  Bulletin  No.  3I.  1930. 

California  State  Department  of  Public  Works,  Division  of  Water  Resources. 
"South  Coastal  Basin,  A  Symposium".  Bulletin  No.  32.  1930, 

California  State  Department  of  Public  Works^  Division  of  Water  Resources. 
"Rainfall  Penetration  and  Consumptive  Use  of  Water  in  Santa  Ana 
River  Valley  and  Coastal  Plain".  Bulletin  No.  33-  1930. 

California  State  Department  of  Public  Works,  Division  of  Water  Resources. 
"South  Coastal  Basin  Investigation,  Quality  of  Irrigation  Waters". 
Bulletin  No,  UO.  1933 « 


California  Stats  Department  of  Patiie  Works „  Division  of  Water  Resoxarces. 
"South  Coastal  Basin  Invest igatior..  Detailed  Analyses  Showing 
Quality  of  Irrigation  Waters".  Bulletin  No.  iiO -A,  1933 • 

California  State  Department  of  Water  Resources .  "Quality  of  Surface 

and  Ground  Waters  in  Upper  Santa  Ama  Valley",  ailletin  No.  kO-^J. 
June,  1957. 

California  State  Eepartmeat  of  Public  Works,  Di-iflsion  of  Water  Resources. 
"South  Coastal  Basis  InTestigatica^  Value  and  Cost  of  Water  for 
Irrigation  in  Coastal  Plain  of  Southern  California".  Bulletin 
No.  k3.     1933- 

California  State  Department  cf  Pablia  Works.,  Division  of  Water  Resources. 
"South  Coastal  Basin  Investigation^  Water  Losses  Under  Natural 
Conditions  from  Wet  Areas  in  Southern  California".  Bulletin 
No.  kk.     1933- 

California  State  Department  of  PAlic  Works,  Division  of  Water  Resources. 
"South  Coastal  Basin  Investigation;,  Geology  and  Ground  Water 
Storage  Capacity  of  Valley  Fill",  Bulletin  No.  h^.     193^. 

California  State  Department  of  Public  Works,  Division  of  Water  Resources. 
"South  Coastal  Basin  Investigation,  Oferoraft  on  Ground  Water 
Basins".  Bulletin  No,  53.  1947, 

California  State  Depar-isnent  of  Public  Works,  Division  of  Water  Resoiarces. 
"Report  to  the  Assembly  of  the  State  Legislattire  on  Water  Supply 
of  Antelope  Valley  in  Los  Angeles  and  Kern  Counties"'.  May.  1947'' 

California.  State  Department  of  Public  Works.  Division  of  Water  Resources. 
"Southern  California  Ares.  Investigationj,  Memorandum  Report  on 
Water  Conditions  in  Antelope  Valley  in  Kerr,  los  Angeles  and  San 
Bernardino  Counties".  February,.  1955 » 

California  State  Department  of  Water  Resources,  Division  of  Resources 
Planning.  "Sea -Water  Intrusion  in  California".  Bulletin  No.  63. 
August,  1958 . 


The  early  reports  of  the  Bulletin  No.  39  series  vere  limited  to 
publication  of  records  of  gri-ound  water  levels  in  the  Santa  Ana,  San  Gabriel, 
and  Los  Angeles  River  Valleys ^  and  the  West  and  South  CoasteuL  Plains »  Sub- 
sequently, precipitation  records  were  added  and  the  area  ccveretl  by  the  report 
was  extended  to  include  the  San  Jacinto  and  Antelope  Valleys.  A  general 


water  supply  summary  for  the  southern  portion  of  the  State  was  added  in  19^. 
The  summary  contained  information  on  precipitation,  runoff,  sxirface  reservoir 
storage,  importations,  water  quality,  and  changes  in  ground  water  levels. 

To  enable  more  rapid  dissemination  of  data,  the  period  encompassed 
in  the  reports  was  changed  from  the  calendar  year  to  the  water  year  in 
1956.  Beginning  with  this  bulletin  the  area  encompassed  by  the  report  has 
been  expanded  to  include  the  entire  Southern  California  District  as  delineated 
on  Plate  1.   In  addition,  discussions  of  sea-water  intrusion,  weather  modifi- 
cation operations,  outflow  to  the  ocean,  sind  sewage  discharge  to  the  ocean 
have  been  included  to  provide  a  more  complete  description  of  water  supply 
conditions. 

The  expansion  of  this  report  has  been  made  possible  by  the  use  of 
machine  data  handling  procedures  developed  with  the  assistance  of  the 
Disbiirsing  Division  of  the  State  Controller's  office.  In  connection  with 
this  proced\ire,  the  well  numbering  system  has  been  modified  to  the  use  of  the 
State  Well  Number  for  all  water  level  data.  To  assist  agencies  utilizing 
other  numbering  systems  in  the  use  of  these  data,  cross  indexes  have  been 
prepared  and  are  presented  in  Volume  IV. 

This  first  part  of  Bulletin  No,  39-57^  Volume  I,  contains  a  summary 
of  water  supply  conditions  in  southern  California  during  1956=57 •  In 
addition  to  this  introductory  chapter.  Chapter  II,  entitled  "Surface  Water 
Supply",  contains  a  discussion  of  precipitation  and  weather  modification 
operations  in  each  of  the  regions  in  the  Southern  California  District, 
together  with  information  concerning  runoff,  discharge  to  the  ocean,  storage 
in  surface  reservoirs,  imported  supplies,  and  sewage  discharged  to  saline  waters. 
Chapter  III,  entitled  "Ground  Water  Supply  Conditions",  contains  a  discussion 
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of  artificial  recharge  activities,  and  information  concerning  ground  water  eleva- 
tions including  average  changes  during  the  1956-57  season.  Chapter  IV  pre- 
sents a  brief  discussion  of  the  quality  of  surface  and  ground  waters  and 
the  latest  information  concerning  sea'-water  intrusion  into  aquifers  of 
coastal  southern  California,  while  Chapter  V  presents  a  brief  discussion 
of  construction  activities  during  the  period  encompassed  by  this  report. 

In  Vol-ume  II,  there  are  presented  Appendixes  A  through  C, 
including  precipitation  records  for  that  portion  of  the  Central  Coastal 
Region  in  the  Southern  California  District  and  for  the  Los  Angeles  Region, 
in  addition  to  all  available  records  of  ground  water  levels  in  these  regions. 
In  Vol-ame  III,  there  are  presented  Appendixes  D  through  H,  including  similar 
data  for  the  Lahontan  Region  within  the  Southern  California  District,  the 
Colorado  River  Basin,  Santa  Ana  and  San  Diego  Regions.  In  Volume  IV, 
there  are  presented  Appendixes  I  through  Q,  which  include  cross  indexes 
between  the  State  well  nijmbering  system  and  the  various  local  numbering 
systems  in  common  use  in  southern  California,  together  with  a  cross  index 
between  the  location  designation  of  precipitation  stations  and  the  n-ombering 
system  formerly  used  in  the  Bulletin  39  series. 

Numbering  System  Designations 

In  the  paragraphs  which  follow^  there  are  presented  descriptions 
of  the  various  numbering  and  coding  systems  utilized  in  this  report.  These 
systems  were  required  in  order  to  facilitate  utilization  of  machine  data 
processing. 


Region  and  Basin  Designation 

The  region  and  basin  nvraibering  system  used  in  this  report  generally 
follows  that  presented  in  Water  Quality  Report  Noo  3^  entitled  "Ground  Water 
Basins  in  California",  by  the  Department  of  Public  Works,  Division  of  Water 
Resources,  dated  November,  1952 »  The  region  areas  used  herein  are  geographic 
areas  and  are  defined  in  Section  130^4-0  of  the  Water  Code.  Of  the  nine 
regions  defined,  portions  of  Central  Coastal  Region  No.  3  and  Lahontan 
Region  No.  6,  and  all  of  Los  Angeles  Region  No.  U,  Colorado  River  Basin 
Region  No.  7,  Santa  Ana  Region  No.  8,  and  San  Diego  Region  No.  9  are  in  the 
Southern  California  District.  The  location  of  these  regions  within  the 
District  are  delineated  on  Plates  6  through  11. 

With  respect  to  the  basin  numbering  code,  a  decimal  numbering 
system  of  the  form  X-XX.XX  has  been  used.  The  number  to  the  left  of  the  dash 
refers  to  the  geographic  region  described  above.  The  digits  to  the  left  of 
the  decimal  refer  to  a  hyirologic  unit  which  is  generally  designated  a 
valley  or  group  in  this  report.  The  digits  to  the  right  of  the  decimal 
refer  to  the  individual  basin  within  the  valley  or  group.  The  locations  of 
the  various  valleys  or  groups,  and  the  individual  basins  are  delineated  on 
Plates  6  through  11. 

Precipitation  Station  Designation 

The  precipitation  station  designation  used  herein  is  based  on  the 
longitude  and  latitude  of  the  startion  to  the  nearest  second.  This  designa- 
tion gives  the  actual  location  of  the  station  to  about  the  nearest  100  feet. 


The  well  nvonbering  system  employed  herein  is  thax  originated  by  the 
United  States  Geological  Survey  sind  is  referenced  to  the  township^  range, 
and  section  subdivision  of  the  Federal  Land  Survey.  It  conforms  to  that 
used  in  all  ground  water  investigations  made  by  the  J.  S.  Geological  Survey 
in  California  and  has  been  adopted  by  the  Department  of  Water  Resources. 

Under  the  system  each  section  is  divided  into  ^-acre  plots 
called  lots^  which  are  lettered  as  follows; 


D 

C 

B 

A 

E 

F 
o 

G 
6 

H 

M 

L 

K 

J 

N 

P 

Q 

R 

Wells  are  numbered  within  each  of  these  lots  according  to  the  sequence  in 
which  they  have  been  assigned  State  Well  Numbers  o  For  example^,  a  well  which 
has  the  nimber  10W/i8E-26AJ.,S  would  be  in  Township  10  North,  Range  l8  East, 
Section  26,  S.  B.  Bo  8e  Mo,  and  would  be  further  located  as  the  first  well 
assigned  a  State  Well  Number  in  lot  A,  In  this  report^  well  numbers  are 
referenced  either  to  the  San  Bernardino  Base  and  Meridian  (S)  or  the  Mount 
Diablo  Base  and  Meridian  (M). 

For  some  wells,  the  letter  following  the  section  number  is 
designated  "X",  This  indicates  that  the  well  has  been  field  located  and 
accurately  plotted  with  respect  to  its  position  on  the  map,  but  that  the 
map  control  for  the  Public  Land  Survey  at  present  is  too  poor  to  warrant 
assigiHnent  of  more  acctirate  location  niimber. 
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SURFACE  WATER  SUPPLY 


Precipitation 

Precipitation  in  southern  California  during  the  seasonal  year 
1956-57  was  generally  subnormal  for  the  twelfth  year  since  I9U3-UU.  The 
protracted  drought  has  been  interrupted  only  by  the  wet  year  I95I-52.  The 
precipitation  varied  from  about  30  per  cent  of  the  mean  for  the  50 -year 
period  1897-1 9^4-7  in  the  eastern  Colorado  Desert  to  about  95  per  cent  of  the 
mean  in  Owens  Valley o  Precipitation  in  coastal  southern  California  was 
generally  on  the  order  of  70  per  cent  of  the  mean.  The  general  distribution 
of  precipitation  In  per  cent  of  the  mean  for  the  season  may  be  seen  from  an 
inspection  of  Plate  2,.  Seasonal  and  mean  precipitation  for  selected  stations 
in  southern  California  during  I956-57  are  shown  in  Table  1.  To  indicate  the 
historic  trend  in  the  watsr  supply  from  this  source,  the  seasonal  precipita- 
tion and  accianulated  deviation  from  the  mean  in  per  cent  for  four  stations 
are  delineated  on  Plate  3« 


TABLE  1 

SEASONAL  AM)  MEAN  PRECIPITATION  AT 
SELEC'TED  STATIONS  IN  SOL^HERN  CALIFORNIA 


;      County 

°  50 -year  mean^s 
t     1897=-19^7,  r 

195&=57 

season 

Station 

sin  per  cent 

0 

%     in  inches  % 

In  inches 

;  of  mean 

San  Luis  Obispo 

San  Luis  Obispo 

21.68 

15.98 

74 

Paso  Robles 

San  Luis  Obispo 

15«82 

10.92 

69 

Santa  Maria 

Santa  Barbara 

li+»35 

8.97 

63 

Santa  Rflrbara 

Santa  Barbara 

180  56 

13,86 

75 

Ventura 

Ventura 

15o59 

9«13 

59 

Los  Angeles 

Los  Angeles 

11^.81 

9,54 

6k 

Pomona 

Lcs  Angeles 

18. 21 

11.56 

63 

Santa  Ana 

Orange 

li^,l6 

8,38 

59 

San  Bernardino 

San  Bernardino 

14.11 

12.39 

88 

Barstow 

San  Bernardino 

1^.17 

3»90 

9k 

Blythe 

Riverside 

1^.03 

1,36 

3k 

Brawley 

Imperial 

2.40 

0.65 

27 

San  Diego 

San  Diego 

10,36 

8.89 

86 

Prior  to  January  1,  19?7j  sotithern  California  had  received  only 
about  lU  per  cent  of  its  no:»rmal  rai;afall  and  had  experienced  one  of  the 
driest  November -December  periods  of  record.  An  indication  of  this  condition 
may  be  seen  from  an  inspection  of  Table  2,  which  presents  cumulative  monthly 
rainfall  for  the  1956=57  season  at  Los  Angeles  and  San  Diego  in  relation  to 
the  cumulative  mean.  This  dry  period^,  coupled  with  severe  "Santa  Ana 
Conditions '%  created  a  serious  potential  fire  hazard.  A  major  fire  in  the 
Cleveland  National  Forest  north  of  Descaaso  in  San  Diego  County  burned 
Wi-^OOO  acres,  and  a  five-day  fire  in  the  coastal  portion  of  the  Santa  Monica 
Mountains  of  Los  Angeles  and  Ventura  Counties  burned  ever  ^40^,000  acres  and 
destroyed  6?  homes o  Large  burns  also  occurred  in  San  Bernardino  County. 

TABLE  2 


Month 


CUMULATIVE  MOKPHLY  PRECIPITATION 
AT  LOS  ANGELES  AND  SAN  DIE-GO 
1956-57 


; Cumulative  aic-nthly  precipita- 
;   ^   "^AP"  ^'^'  Los  Angeles 
°  50-year  %^   195'^"57  season 
:   mean,   %  ;   In    s 

:  1897-19^+7, ;   In   sper  cent  % 
%   in  inches  %   inches  2 of  mesm  % 


Coaiulative  monthly  precipi- 

tation  at  San  Diego 

5C'^'y5ar  %     'iS^G-^fsee^o-a 

mean,   ;       ;   In 

1897-19^+7^  %       In   ;per  cent 

in  inches  :  inches  ;of  mean 


July 

0.01 

0 

0 

0=03 

T 

0 

August 

O0O3 

T 

0 

G.09 

T 

0 

September 

0.31 

T 

iQ 

0,23 

T 

0 

October 

0o9C> 

C.12 

13 

0.79 

0.68 

86 

November 

1.96 

0.12 

6 

1.61 

0,68 

1+2 

December 

k,kG 

0.1+6 

10 

3o59 

0,86 

21+ 

January 

l.kl 

i+.87 

66 

5.51 

5.66 

103 

February 

10.78 

6.3i^ 

59 

7.67 

6,16 

80 

March 

13oi^5 

7.36 

55 

9.32 

6.91 

1^ 

April 

ll^oto 

8.83 

61 

10.05 

7«75 

11 

May 

lk>lk 

9.1+6 

6i+ 

10.32 

8.63 

81+ 

June 

■Lh.Ql 

9-5^ 

6h 

10.36 

8089 

86 
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In  the  paragraphs  which  follow  there  is  presented  somewhat  more 
detailed  information  concerning  precipitation  in  each  of  the  regions  in  the 
Southern  California  District,  together  with  a  discussion  of  weather  modifi- 
cation operations . 

Central  Coastal  Region  No.  3 

Santa  Barbara  and  San  Luis  Obispo  Counties 

Precipitation  in  the  Central  Coastal  Region  varied  from  a 
minimimi  average  of  about  6h   per  cent  of  the  mean  for  the  50 -year  period 
I897-I9U7  in  the  San  Antonio  Creek  Valley  to  a  maxiraum  average  of  about  83 
per  cent  of  the  mean  in  the  San  Luis  Obispo  area.  A  summary  of  the  average 
indexes  of  precipitation  in  the  major  valleys  and  basin  groups  of  San  Luis 
Obispo  and  Santa  Barbara  Counties  is  presented  in  Table  3°  Measured  seasonal 
precipitation  at  San  Luis  Obispo  was  15o98  inches,  which  is  about  7^  per  cent 
of  the  long-time  mean,  while  precipitation  at  Santa  Barbara  was  about  I3.86 
inches,  or  75  per  cent  of  the  mean. 

TABLE  3 

AVERAGE  INDEX  OF  PRECIPITATION  FOR  1956-57  SEASON 
FOR  VALLEYS  IN  CENTRAL  COASTAL  REGION  NO.  3 


tNumber  of;  Average 
^^  ; stations  ;   index 


Salinas  Valley  (3-4,00) 
San  Luis  Obispo  Group  (3-80OO) 
Arroyo  Grande  Group  (3-II.OO) 
Santa  Maria  River  Valley  (3-12.00) 
Cuyama  River  Valley  (3-I3.OO) 

San  Antonio  Creek  Valley  (3-IU.OO) 
Santa  Ynez  River  Valley  (3-I5.OO) 
South  Coast  Basins,  Santa  Barbara 

County  (3-16.00) 
Carrizo  Plain  (3-I9.OO) 


8 

71 

2 

83 

2 

76 

5 

68 

2 

80 

2 

6h 

6 

70 

3 

70 

k 

70 
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Weather  modification  operations  were  conducted,  using  silver 
iodide,  thrcughoux  the  Coimty  of  Sant^  Barbara  during  the  period  January  1 
through  April  30.  1957.  Generation  time  amounted  to  about  l,l6o  hours. 
Seeding  for  the  South  Coast  Basins  of  Santa  feirbara  was  done  as  a  part 
of  a  controlled  experiment-  to  determine  the  effectiveness  of  artificial 
nucleation.  During  the  four-mc-nth  period^,  there  were  approximately  25 
seeding  opportunities ,  of  which  13  opportunities  were  seeded.  Comparison 
between  seeded  and  nonseedei  storms  suggest  some  increase  in  precipitation 
through  the  seeding  program.  However,  additional  study  will  be  required 
before  results  can  be  considered  conclusive » 

Los  Angeles  Region  No.  k 

Average  precipitation  indexes  as  indicated  by  the  data  presented 
in  Table  k   show  that  the  total  seasonal  precipitation  for  this  region  was 
generally  below  the  mean  for  the  50~year  period  l897-19'+T=  Precipitation  in 
the  Coastal  Plain  of  Los  Arigeles  County  was  about  68  per  cent  of  mean,  while 
in  the  Santa  Clara  River  Valley  in  Ventura  County  it  was  about  77  per  cent 
of  mean.  Total  measvired  seasonal  precipitation  at  the  United  States  Weather 
Bureau  Station  in  Los  Angeles  was  9»5^  inches,  or  about  6h  per  cent  of  the 
mean.  Snowfall  in  the  San  Gabriel  Mountains  was  of  little  significance  in 
the  over -all  water  supply  picture. 
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3 

70 

1 

67 

7 

67 

2k 

77 

k 

69 

k 

73 

1 

86 

6 

82 

2 

76 

1 

71 

63 

68 

32 

Ih 

72 

72 

7 

73 

3 

73 

TABLE  k 

AVEEIAGE  INDEX  OF  PRECIPITATION  FOR  1956-57  SEASON 
FOR  VALLEYS  IN  LOS  ANGELES  REGION  NO.  k 

[  sNiimber  of:  Average 
»3-ll6y ;  stations  :   index 

Upper  Ojai  Valley  (U-l.OO) 
Ojai  Valley  (4-2.00) 
Ventura  River  Valley  (U-3.OO) 
Santa  Clara  River  Valley  (U-it.OO) 
Acton  Valley  (i+-5<.00) 

Pleasant  Valley  (i4-=6„00) 

Arroyo  Santa  Rosa  Valley  (U-7,00) 

Las  Posas  Valley  (i+-8.00) 

Simi  Valley  (i)-9«00) 

Conejo  Valley  (U-IO.OO) 

Coastal  Plain,  Los  Angeles  County  (ii-ll.OO)  63 
San  Fernando  Valley  (U-12c00) 
San  Gabriel  Valley  (U-lSoOO) 
Upper  Santa  Ana  Valley, 

Los  Angeles  County  (U-lUcOO) 
Malibu  Coastal  Group  (4-16.00) 


There  was  no  program  of  weather  modification  designed  primarily 
for  areas  in  Region  No.  h   during  the  I956-57  season.  However,  silver 
iodide  generators  were  installed  and  operated  in  portions  of  coastal  Los 
Angeles  County  as  a  part  of  a  program  conducted  for  the  Santa  Ana  watershed. 

Lahontan  Region  No.  6 

Average  precipitation  indexes  as  presented  in  Table  5  indicate 
the  precipitation  during  the  I956-57  season  was  about  78  per  cent  of  the 
mean  for  the  50-year  period  I897-I947  in  Antelope  Valley,  57  per  cent  of 
the  mean  in  the  Mono  Valley,  and  95  pe^r  cent  of  the  mean  in  the  Owens  Valley. 
Seasonal  precipitation  in  the  remaining  portions  of  the  lAhontan  Region  south 
of  the  Mono  divide  appears  to  have  been  below  normal,  but  in  many  portions  of 
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the  area  data  are  very  meagsro  Weather  modification  operations  were  con- 
ducted for  the  California  Electric  Power  Company  in  the  vicinity  of  the 
Bishop  Creek  watershed.  Total  operatioas  amomited  to  about  38  generator 
hours,  and  occurred  during  the  months  of  October  throiogh  April. 

TABLE  5 

AVERAGE  IMJEX  OF  PRECIPITATION  FCR  1956=57  SEASON 
FCE  ?AII£IS  IN  LAHONTAN  REGION  NOc   6 

Valley 


Mono  Valley  (6-9. ,00) 
Lc.ng  Valley  (6-ll<,00) 
Owens  Valley  (6-12.00) 
Deep  Springs  '\falley  (6=1 5 » 00) 
Death  Valley  (6=l8o06) 

Riggs  Valley  (6-23 « 00) 

Ivanpah  Valley  (6".30,00) 
Lower  Mcgave  River  Valley  (6-40oOO) 
Middle  Mojave  River  Valley  (6»ifl.OO) 
Upper  Mojave  River  Valley  (6=teoOO) 

Antelope  Valley  ^ {6-kh.QO ) 
Fremont  Valley  (6-^^6.00) 
Searles  Valley  (6-52,00) 
Rose  Valley  (6- 56. 00 ) 


Colorado  River  Basin  Region  Wo«  7 


1 Number  of; 

Average 

s stations  s 

index 

2 

57 

1 

81+ 

10 

95 

1 

80 

1 

96 

1 

92 

1 

70 

1 

60 

1 

9h 

2 

61 

18 

78 

1 

78 

1 

k6 

1 

11 

Precipitation  indexes  shown  in  Tiable  6  indicate  the  seasonal 
precipitation  in  the  Colorado  Desert  area  generally  averaged  less  than 
50  per  cent  of  the  mean  for  the  50-yssir  period  1897-19^7 »  It  varied  from 
a  minimum  average  of  about  27  per  cent  in  the  vicinity  of  the  Salton  Sea 
to  a  maximum  of  about  89  per  cent  in  the  San  Felipe  Valley.  However,  there 
is  a  paucity  of  data  throughout  much  of  the  area.  Measured  precipitation 
was  1,36  inches  at  Blythe  and  O.65  inch  at  Brawley.,  representing  3h   per  cent 
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and  27  per  cent  of  the  meaji,  respectivelyo  Weather  modification  operations 
totaling  963  generator  hours  using  the  iodine  inpregnated  rope  method  were 
conducted  in  Lanfair  Valley  from  July  1,  I956,  through  April  I9,  1957- 

TABLE  6 

AVERAGE  INDEX  OF  PRECIPITATION  FOR  1956-57  SEASON 
FOR  VALLEYS  IN  COLORADO  RIVER  BASIN  REGION  NO,  7 


Valley 


: Number  of:  Average 
: stations  :   index 


Ward  Valley  (7-3. 00 ) 
Chuckawalla  Valley  (7-5-00) 
Twentynine  Palms  Valley  (7-10.00) 
Lucerne  Valley  (7-I9.OO) 
Morongo  Valley  (7-20.00) 

Coachella  Valley  (7-21 -OO) 
Borrego  Valley  (7-2i+,00) 
Terwllliger  Valley  (7-26.00) 
San  Felipe  Valley  (7-27,00) 
Vallecito-Carrizo  Valley  (7-28.00) 

Coyote  Wells  Valley  (7-29.00) 
Imperial  Valley  (7-3O.OO) 
Orcopia  Valley  (7-31.00) 
East  Salton  Sea  Valley  (7-33 « 00 ) 
Palo  Verde  Valley  (7-38. 00 ) 

Calzona  Valley  (7-'+1.00) 
Needles  Valley  (7-M+.00) 


1 

31 

1 

28 

1 

30 

1 

72 

3 

69 

5 

61 

1 

h9 

1 

52 

1 

89 

1 

81 

1 

50 

k 

27 

1 

ko 

1 

30 

2 

h^ 

1 

30 

1 

39 

Santa  Ana  Region  No ..  8 

Precipitation  indexes  presented  in  Table  7  indicate  the  total 
seasonal  precipitation  in  the  Santa  Ana  Region  during  the  1956-57  season 
was  below  the  mean  for  the  50-year  period  I897-I9U7,  In  the  Upper  Santa 
Ana  Valley  precipitation  averaged  about  75  per  cent  of  the  mean,  while  on 
the  Coastal  Plain  of  Orange  County  the  average  was  about  66  per  cent  of  the 
mean.  Measured  seasonal  precipitation  at  the  United  States  Weather  Bureau 
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station  in  Santa  Ana  was  8^38  inches^  or  about  59  per  cent  of  the  mean., 
Very  little  water  was  stored  in  form  of  snowfall  on  the  San  Bernardino 
Mountains  and  runoff  from  this  snow  was  of  minor  significance  with  respect 
to  water  supply. 

TABLE  7 

Ai,T5RA.iE  imm.  OF  PRECIPITATION  FOR  1956=57  SEASON 
FOR  vAIXSIS  IN  SANTA  MA  REGION  NO.   8 


Yalley 


s  Number  of s  Average 
s  stations  %     index 


Coastal  Plains  Orange  County  (8-1. 00)  35  66 

Upper  Santa  Ana  Yalley  (8-2.00)  '4^*-  75 

Cajalco  ¥ailay  (8-3,00)  1  88 

Elsinore  Valley  (8»4,00)  1  6k 

San  Jacinto  Valley  (8-5,00)  1  79 

Bear  Valley  (8=-9»00)  1  98 


Weather  modification  operations  were  conducted  in  Upper  Santa  Ana 
Valley p  Orange  County,  aEd  parts  of  Los  Angeles  County  during  the  period 
December  6^  1956,  through  May  I5,  1957 ■>  Silver  iodide  generators  were 
operated  a  total  of  2^06l  hours  in  this  progTam, 

San  Diego  Region  No,  9 

Precipitation  indexes  shown  in  Table  8  indicate  that  although  below 
normal  the  precipitation  for  the  I956-57  season  was  generally  closer  to  the 
I897-I9U7  mean  in  this  area  than  in  the  remainder  of  southern  California. 
Indexes  varied  from  an  average  of  66  per  cent  of  the  mean  in  the  Warner 
Valley  to  96  per  cent  of  the  mean  in  the  Sweetwater  Valley.  At  San  Diego, 
measured  seasonal  precipitation  totaled  8.89  inches j,  or  about  86  per  cent 
of  the  mean.  Weather  modification  operations,  using  approximately  21  silver 
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I 

iodide  generators,  were  scattered  over  the  western  portion  of  San  Diego 
County.  The  period  of  seeding  started  January  1,  1957,  and  continued 
through  April  22,  1957 • 

TABLE  8 

AVERAGE  INDEX  OF  PRECIPITATION  FOR  1956-57  SEASON 
FOR  VALLEYS  IN  SAN  DIEGO  REGION  NO,  9 

: Number  of;  Average 
y   ;  stations  ;   index 

San  Juan  Valley  (9-1,00) 
Santa  Margarita  Valley  (9-4o00) 
Coahuila  Valley  (9-6.00) 
San  Luis  Rey  Valley  (9-7 «00) 
Warner  Valley  (9-8.00) 

San  Pasqual  Valley  (9-10.00) 
Santa  Maria  Valley  (9-11.00) 
'  Poway  Valley  (9-13 .00) 

Mission  Valley  (9-lU.OO) 

San  Diego  River  Valley  (9-I5.OO) 

Sweetwater  Valley  ( 9-17- 00) 
Otay  Valley  (9-I8.OO) 
Tia  Juana  Valley  (9-19,00) 
Jamul  Valley  (9-20.00) 


Runoff 

Mountain  Runoff 

Runoff  in  southern  California  streams  during  the  I956-57  water 
year  was  generally  far  below  the  mean  for  the  53-year  period  I89U-95 
through  191+6-^7,  For  example,  the  estimated  seasonal  natural  runoff  at 
Arroyo  Seco  near  Pasadena  was  only  I6  per  cent  of  the  53 -year  mean. 
Similar  values  for  the  Santa  Ana  River  near  Mentone,  Sespe  Creek  near 
Fillmore,  and  Huasna  River  near  Santa  Maria  were  37  per  cent,  25  per  cent. 


3 

75 

6 

Ih 

1 

79 

h 

81^ 

3 

66 

2 

82 

1 

Ih 

1 

81 

k 

93 

3 

76 

h 

96 

1 

92 

2 

Qk 

1 

87 
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and  3  per  cent  of  the  meaja;,  respectivelyo  Estimated  seasonal  natural  flows 
for  selected  stations  in  southern  California  are  presented  on  Plate  k, 
together  with  the  accumulated  deviation  from  the  mean  runoff c  This  low 
runoff  reflected  not  only  the  subnormal  precipitationj  which  occurred 
during  the  past  year^  but  also  the  combined  effect  of  several  years  of 
drought-  In  contrast;,  runoff  in  the  Colorado  River  as  measured  at  Lees 
Ferry  was  considerably  in  excess  of  normal.  This  runoff  was  in  response  to 
generally  above-normal  precipitation  in  the  watersheds  of  this  river. 

Estimated  seasonal  natural  runoff  for  selected  stations  represen- 
tative of  conditions  in  southern  California  during  the  1956-57  season  is  pre- 
sented in  Table  9,  together  with  a  comparison  of  estimated  or  measured  mesin, 
maximum  and  minimum  runoff  for  each  station  for  the  53=year  period. 


-18- 


-p 

Q) 
0) 

I 

<D 

O 


>. 

-p 

•H 

-P 

.3 

C 

CO 

P 

13 

E 

cy 

•H 

C 

•H 

«• 

s: 

c 

o 

w 

CO 

OJ 

^0 

" 

oe 

>. 

-p 

•H 

•P 

D 

a 

§ 

CO 

e 

O" 

■^ 

CC 

oo 

S 

c 

o 

CO 

CO 

0 

CO 

»o 

oo 

^ 

CO  nj 

0)    G 

!>H   nj 

1     (D 

f^  S 

LTN 

C— 

XA 

SO 

UA 

CTs 

rH 

•  9        09 

73 

t3    ^ 

o   o 

•H    O 

U    <D 

(D    ^ 

(U 

^ 

O 

G 

O 

•H 

-P 

CO 

-P 

C/ 

2 

o 
o 


t3 
O 


iH 

o\ 

OA 

CM 

1 

1 

O 

cn 

f^ 

CM 

ON 

C3N 

o 
o 
eg 

vO 


o 
1 

o 
o 

CJn 


r^ 


G 

o 

•H 
tuO 

<§ 

rH 

CO 
-P 
CO 

CO 
O 
O 


CO 
U 

-P 
G 
CD 

O 


o 

o 


o 
i 

vO 

o 

On 


o 
o 

On 

o 
o 

so 

o 

CM 

O 

o 

o 

CM 

CO 

cr\ 

vO 

0) 

(0 

-P 

-P 

to 

CO 

T3 

t3 

o 

O 

4^ 

-P 

C3N 

ON 

r^ 

CVJ 

CN 

CN 

iH 

l-l 

o 

O  O 

O 

CM 

SO   r-i 

CM 

UN 

iH   CM 

NO 

c^ 


On 


r-i 

CA  On 

On 

•UN 

O 

On  On 

On 

CO  CO 

CO 

UN 

On  CTn 

On 

On 

CO  CO 

CO 

iH 

rH  cH 

iH 

O 

O  O 

O 

o 

O   O 

o 

-^nO 

o 

<n 

«\       0^ 

«\ 

NO 

■LA  NO 

o 

r— 

CM  r-i 

iH 

r^ 

-cr 

o 

o  o 

o 

o 

O    CM 

o 

c^ 

CA  ON 

o 

<^ 

•\      »fc 

f^ 

HN 

i>--:d- 

CNl 

ON 

CM 

CA 

(D 

Q) 

OJ 

<U 

<H 

+3 

-P 

-p 

-P 

On 

CO 

CO 

CO 

CO 

rH  ■n 

T3 

-o 

T3 

O 

O 

O 

o 

O 

-p 

-P 

•P 

-p 

+3 

r-i 

C^ 

O  NO 

-J- 

iH 

CM 

^^ 

r-\ 

C3n 

On  CTn  On  CN 

CO 

iH 

H 

iH 

r-i 

H 

o 
o 

On 
lA 


1 

O 
r^ 
On 


O 
O 
O 
»\ 
On 


O         O 


CO 
CA 


<^ 


H 

r-i 

UN 

•UN 

1 

1 

O 

6 

UN 

UN 

On 

On 

r-{ 

cH 

8 

O 

o 

o 

ff\ 

<\ 

On 

:~- 

r~\ 

V— 

r-i 

CM  CM  r^  CM 
CM    CM  -cr  CM 

o 

D 
O 

OS 

9        i       S       B 

rH   H  CM   rH 
CM    CM.J3-  CM 
CN  On  CN  CJn 

NO 

o 

CJN 

o 
o 

CO 

J- 

NO 


CM 
CM 

C\J 
CM 

n 

iH 

CM 
ON 

a 

r-i 
CM 
CN 
l-l 

O 
O 

o 

O 
O 
CM 

UN 

-J- 

o 

o  o 

O 

O 

-3- 

f-  t-- 

UN 

-^ 

UN 

iH  UN 

CM 

o 

•»\ 

o»        "» 

«» 

<^ 

ON 

iH  r-i 

C-- 

r^ 

CM 

fA 

-cr 

o 

CM 


o 

UN 


O 
CM 


0) 

(0 

<D 

+3 

-P 

-P 

CO 

CO 

CO 

-d 

•C! 

•a 

(^  o 

O 

C^ 

O 

CM 

o 

CM 

^  -P 

n 

CM 

-P 

CM 

n 

-p 

t       I 

CA  [--  rH 

CACO 

U 

On 

O 

CM  -cr  CM 

CA  O 

CM 

CA 

ON 

CJN  On  CA  On  On 

r-t 

H 

iH 

iH 

rH 

H 

r-i 

CD 

CO 

ca 

^ 

G 

< 

O 

CO 

O 

CO 

o 

(D 

s 

•H 

>» 

-P 

S 

XJ    ^ 

u 

-d 

^ 

;^ 

o 

G 

rM 

CO    CO 

CO 

CD 

CD 

u 

CO 

rH 

c:i    (D 

CD 

3 

>5 

(X 

u 

Ol 

•H 

CO    G 

G 

o 

rH 

10 

< 

Ph 

a. 

CJ 

CO 

CD 

U 

Jri 

u 

> 

ffi 

-p 

CO 

C 

in 

U    CD 

(D 

u 

CO 

CD 

o 

CO 

CO    <U 

> 

CO 

U 

f-> 

C 

•iH 

Q) 

CD    U 

s-^ 

OJ 

CO 

CO 

Q) 

bO 

C 

G  O 

G 

G 

<u 

CD 

73 

U 

a> 

-d 

o 

G 

G 

C 

(D 

Pi 

^ 

O     CO 

CO   rH 

•H 

U 

CO 

> 

CD 

O   -P 

S     CD 

tlfl 

Q) 

^ 

^ 

u 

■^ 

CO 

(D 

<D    ■r^ 

•H 

<y 

> 

CD 

(D 

a  Q) 

QJ 

U 

CO    c 

CO    !-i 

K! 

•^ 

>5 

cu 

CD 

■tj 

CO 

iH 

O 

-a; 

f-  ^ 

CD 

u 

^ 

O    G 

CO   -H 

CD 

o 

U    CO 

G 

rH 

o 

O 

>a  CO 

G    U 

bO 

(D 

>j  CO 

CD  O 

CO 

to 

r-i 

O     U 

CO    CO 

G 

Q^ 

s^ 

■rH 

-P 

G 

CO 

^ 

o, 

u  a 

<3  2 

< 

CO 

CO    C 

G 

(D 

> 

o 

CD 

Jh 

0 

o 

U    CO 

CO 

o 

;s 

o 

CD 

•<: 

m 

CO 
O 

cn 

<    CO 

CO 

CO 

1^ 

o 

« 

a 

ch  «H  "in    f^ 

o   o   c      • 

O  O  O  O 

O  O  O 

o  o  o 

*\     ■»%     *\ 

0-C0_=f 

t-UNON 

t^OOD 

•V         •* 

-cruN 

.J-_a-NO  NO 

r^r^UNlA 

1      1      1      1 

r^cAUN^UN 

r^N  CA'UN^UN 

On  On  C3n  CN 

r-i  r-i  r^   r-i 

«H    tMCH 

O      O    O    «M 
O  O  O  CD 
O  O  O  CO 

O  O  O  ON 

o\       WN       »\       *^ 

O  O  O  oo 

noco  r-  H 

CO  CO  o 

»1     (^     •% 

r-i   C^nO 

CM  rH  CM 

C^  CM   CN  C^ 

r-i~=tO  cn 

1      1      1      1 

NO  cHOOnO 

rH -crO  cn 

ON  CN  CJn  CN 

rH  rH  rH  H 

UObD 

O    O  O     CD 

O   O  O   O 

O  O  O  -3- 

O  O  O  CO 

w»     <^    «?*     w\ 

rH  rH  CNl  .cr 

CO  r^  On 

CO   rH^UN 

CT\     »\    »\ 

mrHlA 

H  r-i 

Xi 

o    o  o 

O  O  O   C3n 

O  O  O 

O  NO  O 

«7i     <^     <^ 

o  o  o 

cn^uNco 

cno  cn 

C-OO  H 


CD  CD    CD  CD 

+3  4-5    +3  -P 

CO  CO    CO  CO 

Td  T3  13  "O 

O  O    O  rH    O 

-P  +3    -P  J-  -P 


UN  cnco  o  r— 

On  cnc^-cn  J- 

CO 

CTnCO 

ON  On 

H 

H  rH  rH  H 

&» 

e 

u 

Q 

G 

0 

o 

lii 

U 

■ri 

o 

ilO 

CO 

>  3 

u 

CD 

(D 

o   s 

CO 

« 

CD 

O    P 

CD 

C 
•H 

m4  m  >H 

G 

-p 

+a  -P 

M 

to 

CO 

CO    CO 

O 

CO 

CD 

pq 

;h 

U    U 

U   in 

CD 

(U     (D 

O    U) 

)h 

> 

>     > 

^  c 

0) 

> 

■a 

^d^ 

In 

•rl 

!>^  a, 

cn; 

o 

O    O 

G  CO 

-a 

T3  T3 

"I  ^ 

O 

CO 

CO    CO 

O    B 

-a 

u 

u  u 

H 

CO 

o 

O    O 

^^ 

^ 

r-i 

rH   rH 

o 

O 

o   o 

^ 

H 

O 

CJ  o 

fL, 

o 

o 

-19- 


73  eg 


t 

O 


H 

C 
CO 


,:j 


c 

o 
w 

W 
i 


-P 

•H 
-P 
C 


CflfO 

M  <o 

d    a> 


t 

0\ 


h3    U 


o 

H 


o 
o 

U 
O 


G 
O 
•H 
-P 
CTJ 
-P 
CO 


o  o 

en 


OSr-H 

i    I 

CO  O 
CO  CN 


oo 
o  o 

OnO 

o  c 

coco 


c 

o 

-H 


O  CO 

CO  r-l 

CM 


Q)  (D 
•P  -P 
as    CO 

O  O 
-P  -P 

CO  vO 
OJ  0\ 
OsCO 


0) 

"2  ^ 
G    O 

qj  -P 

iH    C 

a,  <D 
^  f^ 

CO  CO 
0)  Q) 
C    G 

M    U 

O    > 

6^ 


c 
< 

-P 


CO    CO 
^^ 

o 

<Tf   -P 

o  c 

P    CO 

com 


O  O 
C\J  O 


i     I 


O  O 
O  O 
rr\  CM 

'A       a*. 

O  XA 
^  CN 


O 


■LP, 

I 
XA 
IT-. 
0\ 


o 
o 

IT. 


C\J\0 

sOvO 

SO 

CVi  i—i 

r-i  i-i 

r-! 

£    : 

0      [ 

1 

rHlA 

UMA. 

U\ 

CM  iH 

iH  iH 

( — i 

CAOs 

On  0\ 

Os 

iH  rH 

H    !-l 

r-\ 

O  O 

O  O 

O 

CNO 

r-o 

O 

i-lvO 

so  CM 

-3- 

t%        », 

<^.       ax 

•» 

VO  O 

CO  \A. 

CM 

C— 

r-S 

iH 

r~.0 

lA 

CN-cr 

vC 

CA  On 

CM 

<D  OO    <I>    J/ 

43   C\J    -P    -P 

CO  CJs   (0    CO 
T!  rH  TJ  T! 

O 
-P 

O    O 
-P  -P 

O 
•P 

O  CM  SO   r-i 
c^r-l  m  H 
CN  CNOs  On 
rH  i-l  iH  rH 

I 

Eh 


CO 
C 

o 

S 


W; 


G 
o 

■H 
bD 
Q 

ft: 


■H 
Q 

C 
cd 
CO 


^ 

CO 

•P    (DH 

cs  Q>  e 

^ 

M    CO 

0) 

^  O  Q 

OJ 

(D 

f-< 

OJ  '-i  T) 

o 

M      <U      C 

O  i)    « 

T3 

CO    r-< 

O 

CO     CO     ?-( 

O 

-P    (:h     OJ 

& 

Q)      x: 

G 

,H    CO  -P 

O 

a 

f-i  -p    ::! 

+3 

CO 

H    G  L,0 
P    00 

•P 
O 

o 

a  w 

o 

a> 

+3 
O 

c 
w 

CO 


-p 

D, 

0) 

O 

• 

X 

CO 

<a 

CM 

D 

o\ 

CM 

e 

t~- 

0) 

8 

T) 

CNJ 

+3 

CM 

5-1 

On 

CD 

CM 

O 

rH 

T3 

On 

O 

o 

X! 

O 

S-. 

to 

-P 

C 

tH 

:3 

o    o 

lA 

n3 

c 

r-i    U 

On 

^, 

X) 

S:@ 

-=t 

rH 

o 

CO 

On 

CM 

'H 

O  f^ 

<» 

1 

U 

rH 

H 

O 
CM 

<D 

MOJ 

TS 

On 

CO  rH 

O 

r-i 

G 

G  On 

•H 

O 

ri  r-i 

^ 

'^ 

> 

CO 

a> 

On 

>H 

f-!     to 

a. 

r-i 

B 

OO 

M 

O  -n 

u 

U 

CO  X) 

o 

rH 

O 

•H    U 

tH 

CN 

«M 

ss 

H 

CO 

£0 

O    <D 

<D 

'^ 

0) 

'H     U 

Pf 

CM 

S 

=H 

°  iH 

Q 

rH 

rH  «H 

T)    CO 

i 

CO 

CO    O 

<D    > 

rH 

> 

o 

-p 

O 

o 

XJ 

O  73 

iS 

CJN 

X! 

XJ    O 

c  o 

r-l 

Q) 

G  -M 

-p 

c 

P' 

CO    ^ 

W    CO 

c> 

^. 

CO 

O 

CO    S 

E  O 

E 

>5  Q^ 

•rl 

ci,o 

■H 

cC 

-P  -P 

O 

On 

■P 

:s  X! 

Q,  CO 

iH 

rH 

n 

0)    o 

(U    QJ 

Q) 

! 

Q) 

to  !3 

O 

> 

r^ 

X    U 

<D 

On 

« 

^ 

• 

CO    3 

<D    O  -d  CO  c 

o 

VO  5s 

r-i  lA 

XA 

(D 

'-'d 

6 

5 

TJ 

3 

rH   XI 

r^,   0 

cO 

C-, 

On 

0)  XA 

CO    G 

-J^-O 

Q>  vO  -:3  'd  1A 

C    CO 

G     ^ 

U 

On  On 

^ 

On 

CO    ^ 

NO     O 

-p 

1 

i-f 

O 

r-i 

o  o 

-3-   O 

to 

UN, 

O 

On  a> 

9,CN  j:3 

0) 

Si 

C    CO 

r-i    U 

in  CO 
r-i 

^ 

?H 

^ 

H    (0 

(0  a> 

£i    (D 

U 

O 

0) 

O 

s  a 

^U 

o 

T3 

<u 

^ 

CO 

x; 

CO    U 

O 

-d 

-P 

-p 

e  «j 

^% 

•d 

0 

CO 

P    <D 

<D 

rH 

rH 

•S 

t^>-t    G 

+^'  -H 

-P 

O 

CM 

rrv 

C 

3 

G 

a 

G 

t 

E  x( 

1A.  .H 

■H 

o 

•HnO 

O    (D 

CN   S 

•1-3 

CM 

s 

m 

U    +3 

B 

•d 

O 

On 

On  Cm    CO 

-a-d 

fO 

w 

r-i 

-d 

rH 

o 

On  G 

§ 

H 

G 

to   o 

CO    CO 

CO 

•d 

CO 

TJ 

01  r-i 

!-i 

o 

O 

bJD 

CO 

•v 

S 

t 

CO 

•ri 

t^    G 

-d   S 

Cm 

O 

e 

u 

CO    O 

o  .3 

tH 

rH 

(D 

•ri 

<D   X!   .rl 

t^ 

O 

5h 

a. 

X, 

CU 

O  +5 

G 

CO 

to    CO 

OJ  s 

:i 

O 

u 

s 

U 

H  -P 

a 

u 

c 

o 

O 

X!    to 

■d 

Cm 

X! 

tH 

!h    (D  -d  «H 

(D 

w   to 

O   -P 

o 

o 

(D 

-P 

(U 

0)    (D 

«H    CO 

^ 

tiD 

CO 

bO 

-g  ^ 

o 

« 

CO 

O 

CO 

C  -r! 

to 

^ 

u 

•ri 

U 

rH   rH 

CO  T3 

CO 

CO 

OJ 

X( 

o 

O    Q, 

(D    G 

(1) 

Q) 

t>' 

c 

is 

G    Q? 

S  M 

g:  >H  «<  H  -^  M  C=5 

tCXl    OT3    ®«H    tlOJSiH 


.20- 


Runoff  to  the  Ocean 

Runoff  to  the  ocean  from  a  nuraher  of  the  streams  in  southern 
California  is  shown  in  Table  10.  During  the  1956-57  season,  an  estimated 
total  of  about  102,700  acre-feet  was  discharged  to  the  ocean  from  l8 
streams.  This  quantity  represents  nearly  all  such  loss,  most  of  which  is 
storm  runoff  from  coastal  urban  areas,  not  economically  susceptible  to 
capture.  For  example,  an  estimated  i+8,710  acre-feet  was  discharged  by  the 
Los  Angeles  River  and  27,^^0  acre-feet  was  discharged  by  Ballona  Creek, 
both  of  which  drain  highly  urbanized  areas  of  coastal  Los  Angeles  County. 
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TABLE  10 

DISCHARGE  TO  THE  OCEAH  DURING  1956-57 
FROM  SELECTED  S!!!REAMS  IN  SOUTHERN  CALIFORNIA 


Stream 


Discharge, 
in  acre -feet 


Central  Coastal  Region 

Santa  Maria  River  0 

Santa  Ynez  River  110^ 


a 


Los  Angeles  Region 

Vent-ara  River   '  1,720 

Santa  Clara  River  5*620 

Ballona  Creek  27,440 

Domingiaez  Channel  ll,M+0 

Los  Angeles  River  48,710 

Los  Cerritos  Channel  2,920 

San  Gabriel  River  900 

Coyote  Creek  1,200 

Santa  Ana  Region 

Santa  Ana  River  370^ 

Santa  Ana  Delhi  Di'ain  950 

Peters  Canyon  Drain  230 

San  Diego  Region 

Aliso  Creek  1 

Trabuco  Creek  120 

San  Juan  Creek  960^ 

Santa  Margarita  River  0 

San  Luis  Rey  River  0 

TOTAL  102,691 


a.  Preliminary-subject  to  revision 
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storage  in  SiJirface  Reservoirs 

In  general,  the  quantity  of  water  in  storage  in  southern  California 
reservoirs  at  the  end  of  the  1956-57  season  continued  to  be  very  small, 
reflecting  the  protracted  period  of  subnormal  runoff.  On  October  1,  1957^ 
nearly  all  reservoirs  of  more  than  10,000  acre-foot  capacity,  except  those 
receiving  imported  supplies,  were  at  less  than  20  per  cent  of  capacity. 
Exceptions  are  the  Gibraltar  Reservoir  on  the  Santa  Ynez  River  which  was 
filled  to  68  per  cent  of  capacity,  and  Morris  Reservoir  on  the  San  Gabriel 
River  which  was  filled  to  63  per  cent  of  capacity,  both  reservoirs  having 
stored  a  substantial  portion  of  these  waters  in  previous  years.  This  may 
be  seen  from  an  inspection  of  Table  11,  which  shows  capacity  and  storage 
on  October  1,  I956,  and  1957,  and.  per  cent  of  capacity  for  all  major 
reservoirs  in  the  Southern  California  District. 
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In  eleven  City  of  San  Diego  reservoirs,  storage  on  October  1,  1957, 
was  about  l^+o^  per  cent  of  capacity  as  compared  to  ii<-<.0  per  c«nt  of  capacity 
on  October  1,   1956  o  Hcwever;,  a  considerable  portion  of  this  storage  was 
maintainad  by  deliveries  of  Colorado  River  water  to  San  Vicente  ajid  Hodges 
Reservoirs  through  the  San  Siego  Aqueduct «  Storage  in  Lake  Hemet  on 
October  1.,  1957p  was  2. It  per  cent  cf  capacity  as  compared  to  2«1  per  cent 
one  year  previous.  Storage  in  Bear  Valley  Reservoir  for  the  I956-57  season 
was  2o7  per  cent  of  capacity  as  compared  to  3o9  per  cent  one  year  previous. 
Lake  Elsinore  continued  to  be  dry. 

Total  storage  in  four  major  reservoirs  of  the  Los  Angeles  Department 
of  Water  and  Power  in  the  Owens  Valley  area  decreased  from  90  per  cent  of 
capacity  on  October  1,  195^,  to  79  P^-  cent  of  capacity  on  October  1,  1957* 
These  reservxDirs  are  generally  used  for  regjzlation  of  flow  through  the  Los 
Angeles  Aqueduct. 

While  storage  in  coastal  southern  California  generally  continued 
to  be  meager,  storage  in  Lake  Mead  increased  8  „  731:?  000  acre-feet,  or  32  per 
cent  dtn'ing  the  I956-57  water  ji-'saro  Storage  on  October  1,  1957.^  was  I32 
per  cent  of  the  10-year  meaa  19^7=57 ■•  The  water  surface  elevation  of  the 
Salton  Sea  was  23^1.75  feet  below  sea  level  on  Septanber  30y  1957,,  reflecting 
a  decrease  in  e.levation  of  0.20  foot  daring  the  year. 

Importations  and  Diversions 

During  the  1956-57  water  year,  the  combination  of  continued 
drought,  increased  population,  and  depletion  of  ground  water  supplies 
resulted  in  a  continued  increase  in  the  use  of  the  imported  water  supply, 
particularly  in  coastal  southern  California.  Imports  to  coastal  southern 
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California  through  the  combined  facilities  of  The  Metropolitan  Water  District 
and  the  City  of  Los  Angeles  aqueducts  totaled  about  932,000  acre-feet,  of 
which  602,000  acre-feet  were  measured  at  the  Hayfield  Pumping  Plant  on  the 
Colorado  River  Aqueduct.  This  total  import  represents  an  increase  of  about 
167,000  acre-feet,  or  about  22  per  cent  over  that  imported  the  year  previous » 
A  graphic  illustration  of  the  historic  increase  in  the  importation  of 
supplemental  water  into  the  coastal  area  of  southern  California  by  the  Los 
Angeles  Aqueduct  and  Colorado  River  Aqueduct  is  presented  on  Plate  5» 

A  total  of  330,000  acre-feet  of  supplemental  water,  as  estimated 
flow  from  Fairmont  Reservoir,  was  imported  from  the  Owens  River-Mono  Basin 
area  into  the  Los  Angeles  area  through  the  aqueduct  of  the  Department  of 
Water  and  Power.  This  import  represented  approximately  68  per  cent  of  the 
total  water  used  by  the  City  during  the  year  and  except  for  short  periods  of 
shutdown  for  routine  maintenance  and  inspection,  the  Los  Angeles  Aqueduct 
was  operated  at  capacity. 

Total  diversion  of  water  from  the  Colorado  River  by  all  entities 
of  this  State  during  the  I956-57  season  was  about  two  per  cent  greater  than 
that  diverted  during  the  previous  season.  Diversions  by  The  Metropolitan 
Water  District  of  Southern  California  increased  by  over  36  per  cent,  while 
diversions  by  the  Palo  Verde  and  Imperial  Irrigation  Districts  remained 
nearly  constant,  and  imports  to  the  Coachella  Valley  County  Water  District 
decreased  by  about  nine  per  cent.  The  quantities  of  the  principal  diversions 
to  California  for  the  I955-56  and  I956-57  water  years  are  presented  in  Table  12, 
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TABLE  12 

QUANTITY  AND  PER  CENT  CHANGE  IN  AMOUNT  OF  WATER 

DIVERTED  mm   THE  COLORAIiO  Rlirm   FOR  USE  IN 

CALIFORNIA  DURING  1955-56  AND  1956-5? 


Per  cent 
change 


The  Metropolitan  Water  District 

of  Southern  California  kkO^kO:)  600,880 

Palo  Verde  Irrigation  District  376,160  37i+;,920 
Imperial  Irrigation  District  2,982,680  2^968,790 
Coachella  Valley  Coiinty  Water 

District 
Yuma  Project  (Reservation 

Division) 

TOTALS 


Deliveries  of  water  to  member  agencies  by  The  Metropolitan  Water 
District  of  Southern  California  increased. about  3I  psr  cent  during  the  past 
water  year.  Deliveries  to  five  southern  California  counties  increased  from 
ij-30.,900  acre-feet  during  1955-56  to  565^500  acre-feet  during  1956-570  The 
difference  between  diversions  shown  in  Table  12  and  the  deliveries  is 
accounted  for  by  increased  storage  in  distribution  reservoirs  such  as  Lake 
Mathews  and  by  unavoidable  transmission  losses.  The  import  to  San  Diego 
County  continued  at  the  capacity  of  the  existing  San  Diego  Aqueduct. 
Deliveries  to  Orange  County  increased  from  49,700  acre-feet  during  1955-56 
to  154,250  during  1956-57>  ot   over  210  per  cent.  This  increase  was  due 
primarily  to  completion  of  additional  distribution  facilities  into  the  area. 

Completion  of  a  section  of  the  Lower  Feeder  in  the  vicinity  of 
Buena  Park  eased  a  serious  water  shortage  condition  which  had  existed  in  the 
area  for  several  years.  In  addition,  the  completion  of  a  section  of  the 
eastern  portion  of  the  Lower  Feeder  made  available  to  the  area  sizable 
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quantities  of  untreated  water.  As  a  result,  102,^4-30  acre-feet  of  untreated 
water  was  purchased  by  Orange  County  Water  District  for  ground  water  replenish- 
ment in  the  Santa  Ana  River  spreading  grounds.  Deliveries  of  Colorado  River 

water  to  the  various  coastal  southern  California  counties  are  shown  in 

I 

Table  13. 

TABLE  13 

QUAJNTITY  Al©  VER   CENT  CHAKG-E  IN  AMOUNT  OF 
COLCSIADO  RPy'ER  WATER  IMPORTED  TO  COUTWIES  IN 
COASTAL  SOL^THERN  CALIFORNIA  DURING  1955-56  AND  1956-57 


; Seasonal  import,  in  acre-feet;  Per  cent 
^^^       1955-56   t  1956-57  ~-     change 


The  Metropolitan  Water  District 
of  Southern  California; 

Los  Angeles  County  205,850 

San  Diego  Coxinty  1*4-2,050 

Orange  County  i4-9,700 

Riverside-San  Bernardino  Area  33^300 


TOTALS  ^30,900       565^^50      +  31»2 


223  A50 

-H    8.5 

ikk, koo 

+     1.7 

15^,250 

+210.4 

i^3,350 

+  30.2 

Sewage  Discharge  to  Saline  Waters 

Approximately  621,500  acre-feet  of  sewage  was  discharged  to  the 
Pacific  Ocean  and  tidal  waters  during  fiscal  year  1956-57  from  seven  outfalls. 
This  represents  an  increase  of  about  7'>8  per  cent  over  total  discharge  in 
the  year  1955-56.  This  may  be  seen  from  an  inspection  of  Table  1^4,  which 
shows  the  approximate  sewage  discharge  through  ocean  outfalls  for  the  period 
July  through  June  for  the  years  1955-56  and  I956-57.  This  increase  generally 
reflects  increased  water  utilization  in  urban  areas  as  a  result  of  expanding 
population. 
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TABLE  Ik 

SEWAGE  DISCHARGED  TO  SALINE  WATERS  IN  1955»56  AKD  1956-57 
FROM  MAJOR  SEWERAGE  SYSTEMS  IN  SOUTHERN  CALIFORNIA 


Station 


Discharge,  in  acre-feet   ;  Per  cent 
"1955-56   T°  1956-57 "~;  change 


City  of  Los  Angeles 

County  Sanitation  Districts 

of  Los  Angeles  County 
Orange  County  Sanitation 

Districts  of  Orange  County 
City  of  San  Diego 
City  of  Oxnard 
City  of  Ventura 
City  of  Santa  Barbara 

TOTALS 


286,800 

202,800 

30,700 

Ui+,800 

3,690 

2,580 

5,000 

576,370 


309,300 

21^600 

38,200 
47,600 

i+,0i+0 

2,580 

5,210 

621, 530 


+  7.8 

+  5-8 

+2kA 
+  6.3 

+  9»5 

0 
+  k.2 

+   7«8 
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CHAPTER  III,   GROUND  V7ATER  SUPPLY  CONDITIONS 

It  has  been  indicated  in  Chapter  II  that  the  1956-57  water  year  was 
one  of  subnormal  water  supply.  There  occurred  a  substantial  increase  in  the 
quantity  of  Colorado  River  water  imported  into  coastal  southern  California. 
Vigorous  efforts  have  been  made  to  conserve  water  by  means  of  artificial 
recharge.  In  addition,  "save  water"  campaigns  have  been  initiated, 
particularly  in  San  Diego  County.  Despite  these  efforts,  ground  water 
levels  generally  continued  to  decline,  and  in  many  areas,  minim'um  elevations 
of  record  were  established.  Aspects  of  artificial  recharge  and  ground  water 
level  changes  diiring  the  195^-57  season  are  discussed  in  this  chapter. 

Artificial  Recharge 

In  an  endeavor  to  provide  additional  conservation  of  local  runoff 
and  to  augment  dwindling  ground  water  supplies,  artificial  replenishment  of 
ground  water  basins  is  widely  practiced  in  southern  California.  During  the 
1956-57  season,  about  199 A^O  acre-feet  of  local  and  imported  water  was 
spread  in  55  projects,  of  which  133^790  acre=feet,  or  67  per  cent,  was 
imported  water.  In  certain  localized  areas,  this  spread  water  had  a  marked 
effect  in  reducing  the  rate  of  groiind  water  level  decline. 

The  recorded  and  estimated  amount  of  water  spread  at  various 
artificial  recharge  projects  in  southern  California  during  1956-57  are 
presented  in  Table  15 . 
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TABLE  1-5 


SUMMARY  OF  PRINCIPAL  ARTIFICIAL  RECHARGE  ACTIVITIES 
IN  SOUTHERN  CALIFORNIA  DURING  1956-57  WATER  lOBAR 


Ground  water  valley  or  basin 


Ojai  Valley  (i+-2.00) 

Santa  Clara  River  Valley  (^-S+oOO) 
Oxnard  Plain  Forebay  Area  (k-k.OZ) 
Piru  Basin  {k-=k.06) 

Coastal  Plain,  Los  Angeles  County  (i^-ll.OO) 
West  Coast  Basin  i!>=11.02) 
Montebello  Forebay  Area  (U-II.05) 

San  Fernando  Valley  (U-12.00) 
San  Fernando  Basin  (^4-12.01) 

Tujunga  Basin  (4-12.05) 

San  Gabriel  Valley  (4=13 .00 ) 

Main  San  Gabriel  Basin  (i*-=13.0l) 


Monk  Hill  Easin  (>-13,02)_ 
Pasadena  Subarea  (^■=13o03l 
Santa  Anita  Subarea  (4=13' 


Agency 
conducting 
spreading 
operation^ 

VCFCD 


Number 

of 

projects 

operated 


: Reported  or 
:  estimated 
;   amount 
;  spread,  in 
;  acre -feet 


Upper  Canyon  Basin  (4-=13o05) 
Glendora  Basin  (4=.13,07) 


Upper  Santa  Ana  Valley^  Los  Angeles 
County  (4-14 <, 00) 

Claremont  Heights  Basin  (4-l4.04) 

Coastal  Plain,  Orange  County  (8-I.OO) 
Santa  Ana  Forebay  Area  (8-1.02) 


Yorba  Linda  Basin  (8-1. 05) 
Santa  Ana  Narrows  Basin  (8=1.06) 


480 


UWCD 

2 

13,080 

UWCD 

1 

3,650 

LACFCD 

1 

3,430^ 

LACFCD 

3 

35,510^ 

LACFCD 

3 

530 

LADW&P 

1 

4,780 

LACFCD 

1 

30 

LACi?"CD 

4 

1,010 

ESWC 

1 

3,460 

LACFCD 

1 

400 

LACFCD 

1 

0 

LACFCD 

1 

2 

CSMWD 

1 

310 

DMWC 

1 

6,41*0 

smsc 

1 

9,420 

GIC 

1 

10 

LACFCD 

1 
a. 

16 

PVPA 

2 

0 

CPWD 

1 

1,190 

OCWD 

1 

93,500'i 

SAVTC 

1 

340 

AUWC 

2 

7,030e 

•XFCD 

1 

350^ 

AUWC 

1 

1,350^ 

AUWC 

1 

2,030s 
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SUMMARY  OF  PRINCIPAL  ARTIFICIAL  RECHARGE  ACTIVITIES 
IN  SOUTHERN  CALIPX)RNIA  DURING  1956-57  WATER  YEAR 

(continued) 


Groiind  water  valley  or  basin 


I 


Upper  Santa  Ana  Valley  (8-2o00) 
Chino  Basin  (8-2.01) 

Cucamonga  Basin  (8-2 0O3) 

Bunker  Hill  Basin  (8-2.06) 
Lytle  Basin  (8-2 ,,07) 
Devil  Canyon  Basin  (8-2.10) 
Beaumont  Basin  (8-2.12) 
Bedford  fesin  (8-2.18) 
Coldwater  Basin  (8-2.19) 
Lee  Lake  fe.sin  (8-2 .20) 

I 

San  Jacinto  Valley  (8-5,00) 


Total  imported  water  reported  s 
Total  local  water  reported  spread 


; 

: 

: Reported  or 

;   Agency 

:  Number 

:  estimated 

s  conducting 

;    of 

I       amount 

;  spreading 

;  projects 

I   spread,  in 

;  operation^ 

;  operated 

s  acre -feet 

SBCFCD 

1 

15 

EWC 

2 

310 

SAWC 

1 

1,500 

SBCFCD 

1 

7 

SBWCD 

3 

U,190 

FUWC 

1 

2,480 

SBCFCD 

1 

1,760 

RCFC&WCD 

1 

20 

TWC 

3 

260 

TWC 

1 

i^O 

TWC 

3 

60 

RCFC&WCD 

1 

110 

sported  spread 
•ead 

199>ioo 

133,790 

65,310 

a.  Abbreviations  of  agencies  conducting  spreading  operations  are  pre- 

sented in  alphabetical  orders  AUWC=Anaheim  Union  Water  Company^ 
CPWD-City  of  Pomona  Water  Department;  CSMWD-City  of  Sierra  Madre 
Water  Department!  DMWC-Duarte  Mutual  Water  Company |  ESWC-East  Side 
Water  Committee;  EWC-Btiwanda  Water  Company;  FWC-Fontana  Union 
Water  Company |  GIC-Glendora  Irrigation  Company;  lACFCD-Los  Angeles 
County  Flood  Control  District?  LADWSeP-Los  Angeles  Department  of 
Water  and  Power;  OCFCD-Orange  County  Flood  Control  District;  OCWD- 
Orange  County  Water  District;  PVPA -Pomona  Valley  Protective 
Association;  RCFC&WCD-Riverside  County  Flood  Control  and  Water 
Conservation  District;  SAWC-San  Antonio  Water  Company;  SBCFCD-San 
Bernardino  County  Flood  Control  District;  SBVWCD-San  Bernardino 
Valley  Water  Conservation  District;  SGRSC-San  Gabriel  River  Spread- 
ing Corporation;  SAVIC-Santa  Ana  Valley  Irrigation  Compsuiy;  TWC- 
Temescal  Water  Company;  UWCD-United  Water  Conservation  District; 
VCFCD-Ventura  County  Flood  Control  District. 

b.  Total  quantity  is  softened  Colorado  River  water. 

c.  Includes  about  27j930  acre-feet  of  unsoftened  Colorado  River  water, 
do  Total  quantity  is  unsoftened  Colorado  River  water. 

e.  Includes  about  6,650  acre-feet  of  unsoftened  Colorado  River  water. 

f.  Includes  about  880  acre-feet  of  unsoftened  Colorado  River  water. 

g.  Includes  about  1^400  acre-feet  of  unsoftened  Colorado  River  water. 


'33= 


During  water  year  1956--57;,  about  65^,310  acre-feet  of  local  water 
was  reported  spread  in  southern  California.  Of  this  amount,  about  l6,730 
acre-feet  were  spread  in  the  Santa  Clara  River  Valley  by  the  United  Water 
Conservation  District,  and  21,070  aere-feet  were  spread  in  the  San  Gabriel 
Valley,  principally  by  the  San  Gabriel  River  Spreading  Corporation  sind  the 
Los  Angeles  County  Flood  Control  District. 

Imported  Supplies 

During  the  water  year  1956-=57,  about  152,if60  acre-feet  of  unsoftened 
and  3,^4-30  acre=>feet  of  softened  Colorado  River  water  were  pxirchased  for  the 
purpose  of  spreading  in  southern  California.  Of  this  amount^  about  102.^30 
acre-feet  of  xmsoftened  Colorado  River  water  was  bought  by  the  Orange  County 
Water  District  and  spread  in  recharge  projects  in  the  Santa  Ana  Forebay  Area. 
The  Los  Angeles  County  Flood  Control  District  purchased  with  Zone  I  funds 
about  50,030  acre-feet  of  unsoftened  Colorado  River  water,  of  which  27,930 
acre-feet  were  reported  spread  in  the  Montebello  Forebay  Area.  This  water 
was  released  from  Puddingstone  Reservoir  and  conveyed  through  unlined  Walnut 
Creek,  a  distance  of  about  I3  miles  to  the  San  Gabriel  River,  thence  to  the 
spreading  grounds  in  the  Montebello  Forebay.  During  the  water  year,  approxi- 
mately 3,U30  acre -feet  of  softened  Colorado  River  water  was  injected  through 
recharge  wells  as  part  of  the  West  Coast  Basin  Barrier  Experiment. 
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Ground  Water  Conditions 

There  was  a  general  decline  in  water  level  elevations  in  ground 
water  basins  throughout  southern  California  during  1956-57;  and  in  many- 
areas,  minimum  elevations  of  record  were  established.  This  decline 
generally  reflected  the  subnormal  water  crop  of  the  1956-57  season.  The 
manifestation  of  this  and  the  several  previous  dry  years  on  the  ground  water 
level  elevations  of  selected  wells  in  southern  California  is  shown  by  the 
hydrographs  presented  on  Plates  12  and  13. 

In  some  areas,  the  increased  use  of  supplemental  water  effected 
some  reduction  in  ground  water  extractions  and  a  consequent  reduction  in  the 
rate  of  groiind  water  level  decline «  Reductions  in  rates  of  ground  water  level 
decline  have  also  been  obtained  in  these  and  other  areas  by  the  effective 
use  of  artificial  recharge  projects  utilizing  local  and/or  imported  water. 
In  spite  of  these  and  other  actions  to  conserve  water,  the  water  require- 
ments in  many  areas  far  exceed  the  sum  of  the  imported  and  mean  local 
supplies  with  the  result  that  overdraft  conditions  continue  to  prevail  of 
these  areas .  In  many  of  the  coastal  basins  with  aquifers  abutting  the  ocean 
the  overdraft,  combined  with  the  drought,  has  caused  levels  to  be  drawn  or 
remain  below  sea  level  resulting  in  sea-water  intrusion. 

Central  Coastal  Region  No.  3 

Ground  water  levels  generally  increased  in  elevation  between  the 
summer  of  I956  and  the  summer  of  1957  in  ground  water  basins  in  San  Luis 
Obispo  County,  and  in  those  basins  in  Santa  Barbara  County  located  northerly 
of  the  drainage  divide  between  the  Santa  Ynez  River  Valley  and  San  Antonio 
Creek.  An  exception  to  this  general  condition  is  the  Santa  Maria  River 
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Valley.  In  basins  south  of  this  divide^  groimd  water  levels  generally- 
declined . 

Observed  groimd  water  level  elevations  were  generally  above  sea 
level  in  all  areas  except  the  South  Coast  Basins  of  Santa  Barbara  Coimty. 
Available  ground  water  level  records  for  the  Central  Coastal  Region  are 
tabulated  in  Vclixme  11^  Appendix  B;,  atid  the  average  change  in  ground  water 
level  elevations  for  selected  valleys  and  basins  in  this  region  are  given  in 
Table  l6o  Fluctuation  of  water  levels  at  key  wells  in  Region  No.  3  sxe 
shown  on  Plate  12  and  the  location  of  wells  at  which  water  level 
fluctuations  are  shown  can  be  found  on  Plate  6. 
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In  the  Paso  Robles  Basin  of  the  Upper  Salinas  Valley,  the  observed 
ground  water  levels  exhibited  an  average  rise  of  about  one-half  foot  between 
the  summer  of  I956  and  the  svmimer  of  1957  ■>  Depth  to  water  ranged  from  flow- 
ing, just  west  of  Shandon,  to  I83  feet  in  the  general  vicinity  of  the  City 
of  Paso  Robles.  In  the  Cuyama  River  Valley,  the  average  rise  was  about  O.5 
foot  and  the  maximum  observed  depth  to  ground  water  was  about  3IO  feet  at  a 
well  located  about  four  miles  southwest  of  the  town  of  Cuyama. 

In  the  Santa  Maria  River  Valley  water  levels  declined  an  average 
of  about  1.2  feet  between  the  summer  of  I956  and  the  siommer  of  1957.  Observed 
depths  to  ground  water  ranged  from  a  minimum  of  about  10  feet  to  a  maximum 
of  over  250  feet  in  the  vicinity  of  Nipomo. 

A  general  decline  in  ground  water  level  elevations  occiorred  through- 
out all  basins  of  the  Santa  Ynez  River  Valley  during  the  period  1956  to 
1957>  with  greater  changes  being  noted  in  the  upstream  Headwater  and  Santa 
Ynez  Subareas  =  Maximum  observed  depth  to  ground  water  in  the  Santa  Ynez 
River  Valley  was  over  3OO  feet  at  a  well  about  five  miles  northeast  of  the 
City  of  Lompoc . 

Ground  water  levels  of  the  South  Coast  Basins  of  Santa  Barbara 
County  generally  showed  a  decline  during  the  period  summer,  1956,to  summer, 
1957,  The  maximum  decline  was  evidenced  in  the  Carpinteria  Basin  where  the 
average  drop  was  nearly  six  feet.  Static  water  levels  in  many  of  the  wells 
in  the  Goleta  and  Carpinteria  Basins  were  below  sea  level  in  the  summer  of 
1957,  and  there  was  a  continuation  of  conditions  which  permit  sea-water 
intrusion.  Minimum  observed  elevations  in  these  basins  were  95  feet  below 
sea  level  in  the  Goleta  Basin  amd  36  feet  below  sea  level  in  the  Carpinteria 
Basin. 
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Los  Angeles  Region  No.  k 

Measurements  of  depths  to  water  indicate  that  ground  water  levels 
declined  in  nearly  every  basin  in  this  region  during  the  period  summer,  195^, 
to  summer,  1957.  In  nearly  all  of  the  coastal  ground  water  basins,  levels 
continued  to  be  or  declined  below  sea  level.  The  declines  occurred  despite 
widespread  conservation  practices,  including  the  spreading  of  both  local  and 
imported  water.  However,  basin-wide  averages  indicated  increases  in  water 
levels  in  a  few  small  basins  situated  adjacent  to  the  mountains  in  Los 
Angeles  County.  The  average  changes  in  ground  water  level  elevations  for 
selected  valleys  and  basins  in  the  Los  Angeles  Region  are  presented  in 
Table  17,  and  a  complete  tabulation  of  water  levels  for  this  region  for  the 
period  July,  1956,  through  J\me,  1957,  is  presented  in  Volume  II,  Appendix  C. 
Fluctioations  of  water  levels  at  key  wells  are  delineated  on  Plate  12,  and 
the  locations  of  wells  at  which  water  level  fluctuations  are  shown  are 
delineated  on  Plate  7. 
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In  Ventura  County,  averages  of  seasonal  changes  in  water  levels 
indicate  decreases  in  water  surface  elevations  occurred  during  the  period 
summer  of  I956  to  summer  of  1957  in  all  basins  where  data  \iere   avail- 
able .  Particularly,  large  drops  are  noted  in  0 jai  Valley  where  the  average 
decrease  ^7as  on  the  order  of  20  feet,  and  in  Piru  Basin  where  the  average 
decrease  was  on  the  order  of  Ik   feet.  Maximum  observed  depths  to  water  v/ere 
generally  on  the  order  of  200  to  3OO  feet,  with  the  exception  of  East  Las 
Posas  Basin  where  a  maximum  observed  depth  of  520  feet  was  recorded. 

Water  levels  in  a  portion  of  the  Oxnard  Plain  Forebay  Area  and 
piezometric  levels  throughout  most  of  the  Oxnard  Plain  Pressure  Area  were 
below  sea  level.  The  resulting  landward  hydraulic  gradient  provides  condi- 
tions which  have  permitted  the  intrusion  of  sea  water  into  the  area.  Ground 
water  contours  presented  on  Plate  ik   indicate  the  lowest  elevation  of  the 
trough  in  the  Oxnard  Plain  Pressure  Area  to  be  located  in  the  vicinity  of 
U.  S.  Highway  101  and  Hueneme  Road.  At  this  point  piezometric  levels  as 
much  as  69  feet  below  sea  level  were  observed  during  the  1956-57  period. 

Ground  water  levels  declined  throughout  the  major  portion  of  the 
Coastal  Plain  of  Los  Angeles  County  bet ueen  th£  sunmer  cf  1956  and  the  summer  of 
1957.  This  decline  occurred  despite  the  fact  that  over  31;000  acre-feet 
of  Colorado  River  water  was  spread  or  injected  into  basins  of  this  area 
during  the  period  \mder  consideration.  The  piezometric  surface  underlying 
the  West  Coast  Basin  remained  belov;  sea  level  throughout  the  entire  period, 
and  pressure  levels  exhibited  an  average  decline  of  about  one  foot.  However, 
no  significant  change  was  observed  in  the  water  level  elevations  of  the 
trough.  This  trough  is  currently  located  about  four  miles  inland  from  the 
coast  and  extends  generally  in  a  southeasterly  direction  from  the  southerly 
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end  of  the  Charnock  fault  through  well  Us/l3W-21H3iS.  The  piezometric 
level  of  the  trough  was  generally  more  than  JO  to  8C  feet  below  sea  level. 

In  the  Central  Coastal  Plain  Pressiare  Area  piezometric  levels 
declined  em  average  of  approximately  k,l   feet  during  the  year;  bringing 
water  elevations  to  a  record  low  in  many  portions  of  the  basin »  The 
pressure  levels  remained  below  sea  level  throughout  most  of  the  basin  with 
observed  levels  of  100  fest  below  sea  level  in  the  area  north  of  Culver  City, 
and  123  feet  below  sea  level  north  of  Signal  Hill.. 

The  average  decline  in  the  Montebelio  Forebay  Area^  based  upon 
wells  measured  in  that  area,  was  about  k,k  feet  despite  the  fact  that 
approximately  35 > 500   acre-feet  of  local  and  imported  water  was  spread  in 
eortifieial  recharge  projects  adjacent  to  the  Rio  Hondo  and  the  San  Gabriel 
River.   The  effect  of  this  spreading  was  to  reduce  the  rate  of  decline  of 
water  levels  in  the  forebay.  This  may  be  seen  from  inspection  of  the 
hydrograph  for  wells  as/llW-lSMa^S  and  18K3„S  on  Plate  12 »  This  hydrograph 
indicates  the  effect  of  the  decrease  in  the  rate  of  decline  of  water  levels 
in  recent  years.  In  contrast,  attention  is  directed  to  the  hydrograph  for 
well  2S/13W<-10A1^S  located  in  the  Los  Angeles  Forebay  Area  which  has  received 
no  artificial  recharge  water.  Water  level  elevation  in  this  well  has  shown 
a  steady  decline  totaling  about  125  feet  from  the  spring  of  19^5  to  the 
spring  of  1957. 

Ground  water  levels  continued  to  decline  in  the  San  Fernando 
Valley  with  observed  ground  water  levels  in  the  San  Fernando  Basin  declining 
an  average  of  about  five  feet  between  the  summer  of  1956  and  the  summer  of 
1957-  The  decline  occurred  principally  in  the  central  and  eastern  portions 
of  the  basin,  while  the  western  portion  exhibited  little  change.  Depth  to 
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water  varied  from  flowing  in  the  western  portion  of  the  valley  to  a  maximum 
of  about  293  feet  just  south  of  San  Fernando  Reservoir. 

In  the  San  Gabriel  Valley  ground  water  levels  in  the  more  heavily 
pumped  basins  declined  on  the  order  of  three  to  four  and  one-half  feet. 
However,  in  certain  of  the  smaller  basins  adjacent  to  the  mountains  such  as 
Upper  Canyon  Basin  and  Lower  Canyon  Basin,  increases  in  elevation  were 
evidenced,  while  in  others,  such  as  the  Santa  Anita  Subarea,  rather  large 
decreases  were  observed.  This  general  decline  occurred  despite  the  fact 
some  21,000  acre-feet  of  local  water  was  spread  at  projects  in  the  valley, 
15,800  acre-feet  of  which  was  spread  in  the  Upper  Canyon  Basin.  Depth  to 
water  in  the  San  Gabriel  Valley  ranged  from  rising  water  at  Whittier  Narrows 
and  near  the  Raymond  fault  to  about  1156  feet  near  the  City  of  Glendora. 

Lahontan  Region  No.  6 

In  general,  ground  water  levels  were  relatively  stable  in  most  of 
the  ground  water  basins  in  the  Lahontan  Region  during  the  period  sxommer  of 
1956  to  Slimmer  of  1957.  It  should  be  noted,  however,  that  in  many  of  the 
basins  the  number  of  measurements  is  small  and  averages  may  not  truly 
reflect  conditions  in  the  basins . 

Water  levels  generally  indicated  decreases,  mostly  of  minor 
magnitude,  in  areas  where  substantial  development  has  occurred  such  as 
Harper,  Fremont,  Indian  Wells,  Antelope,  and  the  Mojave  River  Valleys. 
For  example,  water  levels  in  the  Lancaster  Basin  of  the  Antelope  Valley, 
which  probably  has  the  greatest  development  of  the  Lahontan  area,  indicated 
an  approximate  one -half  foot  decrease  between  the  simmer  of  1956  and  the 
summer  of  1957.  In  the  Mojave  River  Valley,  water  levels  suggest  a  slight 
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increase  in  the  Upper  Mojave  River  Valley  and  decreases  in  the  Middle  and 
Lower  Mojave  River  Valleys.  Howsverp  the  fluctuations  involved  are  generally 
less  than  a  foot  and  one-half. 

All  available  water  level  data  for  the  period  between  the  summer  of 
1956  and  the  siommer  of  1957  for  the  Lahontain  Region  are  tabulated  in 
Volume  III^  Appendix  E^  and  the  summary  of  these  data  is-  presented  in 
Table  18.  Historic  changes  in  water  level  elevations  at  selected  wells  in 
basins  in  the  Lahontaxi  Region  are  given  on  Plate  13^  and  the  locations  of  wells 
at  which  water  level  fluctuations  are  shown  are  presented  on  Plate  8. 
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Colorado  River  Basin  Region  No.  7 

Available  measurements  of  depth  to  water  indicate  that  during  the 
period  summer  I956  to  sximmer  1957^  several  basins  experienced  increases  in 
elevation  with  decreases  in  others.   In  most  basins  the  changes  are  indicated 
to  be  minor,  although  in  many  of  the  basins  the  number  of  wells  measured  is 
small  and  average  values  may  not  truly  reflect  the  conditions  in  the  basin. 
Maximum  observed  depths  to  ground  water  exceed  3OO  to  toO  feet  in  many  basins. 
However,  in  most  cases,  the  greater  depth  to  water  measurements  were  observed 
at  wells  located  relatively  high  on  the  alluvial  fan,  where  large  depths  would 
be  anticipated.   Available  ground  water  level  measurements  in  the  Colorado 
River  Basin  Region  are  presented  in  Volimie  III,  Appendix  F,  and  summarized 
by  valley  in  Table  I9 .  The  historic  change  in  water  level  for  well 
10S/6e-21A1,S,  located  in  the  Borrego  Valley,  is  presented  on  Plate  I3. 
The  location  of  this  well  is  shown  on  Plate  9 • 
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Santa  Ana  Region  No.  8 

In  general,  the  water  levels  in  ground  water  basins  in  the  Santa 
Ana  Region  declined  during  the  period  summer  1956  through  summer  1957-  An 
exception  to  this  decline  appears  to  have  occurred  in  the  Santa  Ana  Forebay 
of  the  Coastal  Plain  of  Orange  County  where  the  importation  and  spreading  of 
over  102,000  acre-feet  of  unsoftened  Colorado  River  water  during  the  water 
year  was  reflected  in  an  increase  in  water  level  in  the  Forebay  area. 
Available  vrater  level  measurements  for  the  Santa  Ana  Region  for  the  period 
summer  195^  through  summer  1957  have  been  tabulated  in  Volume  III, 
Appendix  G,  and  some  pertinent  statistics  based  on  the  data  tabulated  in 
Appendix  H  are  presented  in  Table  20.  Hydrographs  of  wells  to  indicate 
water  level  fluctuations  in  the  Santa  Ana  Region  are  delineated  on  Plate  13, 
and  the  locations  of  these  wells  are  presented  on  Plate  10. 
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As  stated;  the  spreading  of  rrrev  102,000  acre^feet  of  imported 
Colorado  River  water  during  the  water  year  was  instrumental  in  creating  a 
rise  in  water  levels  in  the  Santa  Ana  Forebay  Area,  Du.e  to  the  complexity 
of  the  operation  of  the  basin^  selected  water  leve.1  data  were  analyzed  on   a 
weighted-area  hasiS;  indicating  a  rise  of  about  two  feet  between  the  siammer 
of  1956  and  the  s,-jnmer  of  1957 »  In  the  northerly  third  of  the  basin ^  general 
increases  were  observed  and  in  the  areas  where  spreading  was  concentrated, 
near  the  Santa  Ana  Narrows  Basin,  the  obser'/ed  rises  were  very  substantial, 
as  much  as  25  to  50  feet«  In  the  southerly  two-thirds  of  the  basin,  general 
decreases  were  observed  and  in  many  instances  levels  were  below  sea  level. 
The  maximum  observed  depth  to  ground  water  was  over  35O  feet  in  the  northern 
pare  of  the  basin. 

Piezcmetric  levels  in  the  East  Coastal  Plain  Pressure  Area  declined 
an  average  cf  about  2  =  3  feet  between  the  s'.;aiimer  of  1956  and  the  summer  of 
1957,  and  throughout  most  cf  the  basin  the  levels  were  below  sea  level. 
Contours  of  groyi\d  water  elevations  Indicate  an  elongated  trough  to  be 
located  parallel  to  and  about  five  m:-.les  inland  from  the  ccast.  TMs  nay  be 
seen  from  an  inspection  of  Plate  17,  which  shows  contours  cf  piezometric 
level  for  the  East  Coastal  Plain  Pressux'-e  Area.  Minimiim  elevations  appear 
near  the  intersection  of  Huntington  Beach  Boulevard  and  Wintersburg  Avenue, 
and  at  a  point  approximately  five  miles  south  of  Santa  Ana^  In  these  areas, 
elevations  as  mij.ch  as  57  fset  below  sea  level  were  observed.  In  the 
vicinity  of  Bolsa  Chxica  gap,  levels  as  much  as  55  teet  below,  sea  level  were 
observed.  The  occurrence  of  this  trough  provides  conditions  for  the 
intmsion  of  sea  water,  which  appears  to  be  progressing  rapidly  in  these 
areas.  Thi.s  subject  >d.ll  be  discussed  in  Chapter  IV . 
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In  the  Chino  Basin  of  the  Upper  Santa  Ana  River  Valley,  water 
level  data  from  selected  wells  were  analyzed  on  a  weighted-area  basis, 
resulting  in  an  average  decline  of  nearly  two  and  one-half  feet.  In  many 
instances,  minimxim  elevations  of  record  were  established  and  a  depth  to 
water  of  over  58O  feet  was  observed  in  the  area  between  Claremont  and 
j  Upland  in  the  northwestern  part  of  the  basin.  On  the  other  hand,  sub- 
stantial rises  in  water  levels,  6  to  10  feet,  were  observed  in  the 
vicinities  of  Ontario  and  Prado  Dam.  Review  of  the  data  for  this  basin 
in  Appendix  G  will  show  that  the  levels  recorded  for  a  large  number  of 
the  wells  extend  only  from  October,  195^,  through  May,  1957-  The  machine 
computed  averages  of  changes  utilizing  these  wells  indicated  a  general 

I  basin-wide  rise.  It  is  apparent  that  such  a  rise  would  be  unduly 
j 

influenced  by  the  normal  rise  which  occurs  between  the  fall  low  and  the 

spring  high,  and  would,  therefore,  create  a  false  impression.  For  this 

,  reason,  averages  based  upon  data  from  selected  wells  were  used. 

Average  changes  for  selected  wells  in  Bunker  Hill  Basin  indicated 

a  decrease  in  elevation  of  nearly  eight  feet  between  the  siJimmer  of  1956  and 

,  the  summer  of  1957*  However,  for  reasons  cited  in  the  foregoing  paragraph, 

statistics  used  to  indicate  changes  in  the  basin  are  also  based  upon 

selected  wells.  When  the  observed  decreases  are  weighted  with  respect  to 

area,  it  is  indicated  that  the  decrease  is  on  the  order  of  three  and  one -half 

! 

feet.  Substantial  rises  in  levels  on  the  order  of  15  feet  were  observed  in 
the  general  vicinity  of  the  Santa  Ana  River;  however,  throughout  the  rest  of 
I  the  basin  decreases  were  observed.  Observed  depths  to  ground  water  ranged 
from  flowing  near  Colton  to  35O  feet  near  Highland.  It  is  interesting  to 
note  that  the  last  depth  to  ground  water  measurement  for  the  famous  Williams 
Well  in  Bunker  Hill  Basin  was  obtained  on  June  20,  1956,  with  a  report  that 

-57- 


the  well  cannot  be  measured  because  the  casing  was  broken  about  75  feet  below 
the  reference  point.  This  terminated  a  continuing  water  level  record  which 
had  existed  for  nearly  6k   years.  Another  well,  IS/SW-ITCS^S.  which  is  100 
feet  south  of  the  Williams  Well,  has  been  selected  as  a  replacement  for 
Williams  Well. 

In  the  San  Jacinto  Valley,  ground  water  levels  declined  an  average 
of  about  1.3  feet  between  the  summer  of  195^  and  the  summer  of  1957°  The 
hydrograph  of  wells  Us/lW-25ri,S  and  35Q1,S  shown  on  Plate  I3  indicates 
that  in  this  valley  there  have  been  some  16  years  of  uninterrupted  decline  in 
water  levels  totaling  1^7  feet  between  the  spring  of  19^1  and  the  spring  of 
1957^  or  an  average  annual  drop  of  9<'2  feet.  Maximum  observed  depth  to 
ground  water  in  this  valley  was  on  the  order  of  29O  feet.  In  the  Elsinore 
Valley  ground  water  levels  declined  an  average  of  over  five  feet  between  the 
summer  of  195^  and  the  summer  of  1957-  Maximum  observed  depth  to  water  in 
this  area  was  283  feet. 

On  April  29>  1957^  Superior  Court  Judge  Albert  R.  Ross  filed  a 
memorandum  decision  in  favor  of  the  Orange  County  Water  District  in  a  suit 
brought  against  the  Cities  of  San  Bernardino,  Riverside,  Redlands^  and 
Colton.  The  decision,  which  concerns  the  water  supply  in  both  Orange  County 
and  the  Upper  Santa  Ana  Valley,  states  in  parti 
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"The  defendant  cities  have  the  prescriptive  right  to  take 
the  amount  of  water  only  that  they  had  acquired  at  the  time  of 
filing  the  complaint  in  this  action  in  October,  1951 •  The  over- 
lying landowners  in  the  area  of  percolation  of  the  plaintiff 
district  have  need  for  about  8o,000  acre  feet  of  water  more  from 
the  underground  supply  of  the  basin,  all  of  which  can  be  and  would 
be  beneficially  usedo  Their  right  to  this  water  is  paramount  in 
this  case.  Defendant  cities  are  now  extracting  about  30,000 
feet  per  year  more  water  than  they  have  a  right  to  and  threaten 
to  take  still  more  if  not  restrained.  The  taking  of  this  water 
does  reduce  the  amount  of  water  flowing,  underground  or  on 
the  surface,  to  the  plaintiff  district  by  approximately  that 
amount.  The  consequent  damage  to  the  overlying  landowners  of 
the  plaintiff  district  is  serious  emd  irreparable.  Only  the 
expensive  buying  of  imported  water  has  stayed  off  disaster  for 
these  landowners  thus  far.  The  defendeints  should  be  enjoined 
from  taking  more  water  than  their  respective  prescriptive  rights 
entitled  them  to . " 


The  decision  has  been  appealed  to  the  State  Supreme  Court  by  the 
Cities  of  San  Bernardino,  Redlands,  Colton,  and  Riverside. 

P 

San  Diego  Region  NOo  9 

\  In  general,  ground  water  levels  declined  in  most  of  the  basins  of 

the  San  Diego  Region  between  the  summer  of  195^  and  the  summer  of  1957- 
However,  many  of  the  basins  in  this  region  are  small  and  have  limited  carry- 
over capacity,  and  because  of  the  protracted  drought,  storage  was  substan- 
tially depleted.  In  these  areas  the  available  water  supply  was  to  a  large 
extent  limited  to  Colorado  River  water  imported  through  the  San  Diego  Aqueduct. 
Despite  the  fact  that  this  aqueduct  was  operated  at  full  capacity,  water 
supply  conditions  became  critical  by  the  summer  and  fall  of  1957" 

t         Litigations  were  continued  during  195^-57  over  the  water  rights  of 
the  Santa  Margarita  River  and  the  Tia  Juana  River. 

In  several  of  the  basins,  such  as  Tia  Juana  Valley  and  Mission 
Basin,  observed  water  level  elevations  adjacent  to  the  coast  were  below  sea 
level,  providing  conditions  which  could  allow  sea-water  intrusion.  In 
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addition,  the  protracted  periods  of  low  water  level  have  permitted  the 
movement  of  saline  waters  from  older  marine  deposits  flanking  these  basins, 
and  in  several  of  these  basins  water  quality  problems  were  becoming 
increasingly  severe  by  sijmmer  of  1957 »  Available  measurements  of  depth  to 
water  from  Region  9  are  tabulated  in  Volimie  III,  Appendix  H,  and  pertinent 
statistics  are  summarized  in  Table  21..  Hydrographs  of  selected  wells  in 
Region  No.  9  are  presented  on  Plate  13j,  and  locations  of  wells  for  which 
hydrographs  are  presented  are  delineated  on  Plate  11. 
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CHAPTER  IV.      QUALITY  OF  WATER  AND 
SEA-WATER  HOTRUSION 


Although,  there  were  some  instances  of  localized  deterioration 
caused  by  disposal  of  sewage  and  industrial  waste,  the  principal  quality 
problems  affecting  fresh  water  supplies  in  the  southern  California  area 
continued  to  be  caused  by  sea-water  intrusion  and  by  intrusion  of  other 
saline  waters. 

Quality  of  Water 

In  some  areas,  the  protracted  period  of  depressed  water  levels 
has  induced  the  movement  of  saline  waters  into  producing  aquifers  from 
flanking  and  subjacent  older  marine  formations.  This  problem  of  mineral 
quality  degradation  is  especially  noticeable  in  San  Diego  and  Mission 
Basins  and  Tia  Juana  Valley  of  San  Diego  County.  This  degradation  is 
also  suspected  in  the  southern  part  of  Fillmore  Basin  of  Ventura  County 
and  in  the  area  adjacent  to  Newport  Mesa  in  Orange  County.  Mineral 
analyses  of  samples  from  selected  surface  sampling  stations  and  wells  in 
southern  California  are  presented  in  Tables  22  and  23. 
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Sea -Water  Intrusion 

One  of  +.hs  major  water  pro^blems  in  southe:.m  California  is  sea-water 
intrusion.  In  recent  years  this  problem  has  grown  in  importance  as  ground 
water  reser-zes  have  been  depleted  in  meeting  increased  water  dem.ands.  At  this 
time^j  portdons  of  valuable  coastal  grcJT'.d  water  basins  have  been  damaged 
by  invading  brineS;,  and  this  problem  threatens  to  increase  in  severity. 

The  serious  effects  of  sea=water  intrusion  in  Oxnard  Plain  Pressure 
Area^  West  Coast  Basin,  and  East  Coastal  Plain  Pressure  Area  can  have  such  an 
economic  impact  that  it  is  essential  that  the  progress  and  current  status  of 
intrusion  be  ico.own.   Before  discussing  the  current  status,  a  brief  history  of 
sea=water  intrasion  is  presented  to  provide  a  better  understaji'ding  of  the 
problem „ 

Historv 

Prior  to  1900^  the  water  ragiiirements  for  roan  and  his  activities  were 
small  and  chiefly  met  by  the  development  of  s'^irface  water  supplies.  In  southern 
California,  howe'v^er^  the  occurrence  of  s"irface  water  is  sporadic  and  such 
supplies  are  inadeq;aate  during  periods  of  drought.  Rapid  increases  in  popula- 
tion and  the  need  for  a  firm  wat^er  supply^  coupled  with  the  development  of  deep 
well  turbine  pumps^  resmted  in  ext.ensive  utilization  of  groiind  water  basins. 
This  development  and  exploita.tion  of  gro"jri.d  water  supplies  helped  to  make 
possible  the  phenomenal  growth  in  southern  California  during  the  last  50  years. 

Prior  to  the  advent  of  man's  activities  in  southern  California^,  the 
numerous  coastal  grotind  water  basins  were  in  a  somewhat  staTbilized  condition. 
Precipitation  on  the  land  had  filled  the  groioid  water  basins  and  established 


a  seaward  gradient  in  the  water  table.  As  used  in  this  report,  the  term 
"seaward"  means  that  the  direction  of  ground  water  movement  is  toward  the  ocean, 
and  the  term  "landward"  means  that  the  direction  of  ground  water  movement  is 
landward  and  away  from  the  ocean.  During  dry  periods,  the  gradient  would  be 
less  than  during  wet  periods,  but  as  there  was  very  little  extraction  of  water 
from  these  basins,  the  gradient  remained  toward  the  ocean. 

Since  the  1930 's,  increasing  extractions  of  ground  water  for  agricul- 
tural, municipal,  and  industrial  purposesj  coupled  vdth  a  protracted  period 
of  subnormal  precipitation  starting  in  1914^5  resulted  in  the  lowering  of  ground 
water  elevations  below  sea  level  along  the  seaward  margins  of  many  ground  water 
basins.  As  a  result,  tremendous  volumes  of  fresh  water,  stored  in  aquifers 
under  the  ocean,  were  depleted  permitting  ocean  water  to  move  into  these  ground 
water  storage  basins  in  place  of  the  fresh  water  supplies.  Substantial  economic 
losses  have  resulted  from  this  intrusion. 

Oxnard  Plain  Pressure  Area 

The  Oxnard  Plain  Pressure  Area  is  located  in  the  southern  portion  of 
Ventura  County.   The  economy  of  this  area  is  largely  dependent  on  irrigated 
agriculture  and  related  industries.   The  Cities  of  Oxnard  and  Port  Hueneme  and  two 
naval  bases  are  located  within  this  basin, 

Oxnard  Plain  Pressure  Area  contains  three  water-bearing  zones, 
designated  the  Oxnard,  Mugu,  and  Fox  Canyon  aquifers,  in  order  of  their  depth 
below  ground  surface.   Of  these,  the  Oxnard  aquifer  is  the  most  utilized. 
Under  historic  conditions  of  supply  and  demand,  and  prior  to  development  by 
man,  ground  water  moved  westerly  and  southwesterly  beneath  the  Oxnard  Plain 
discharging  to  the  ocean  through  seaward  extensions  of  the  aquifers.   Increased 
extractions  in  recent  years  have  resulted  in  reversal  of  the  ground  water 
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gradients.  Subsurface  landward  movement  of  the  ground  waters  toward  inland 
pumping  troughs  has  resulted  in  sea=water  intrusiono 

Saline  waters  vrere  first  noticed  in  several  wells  along  the  coast 
south  of  Oxnard  in  the  early  1930' s.   This  advance  was  temporarily  checked  by 
the  wet  period  extending  from  1933"'3U  to  I9U3-UU9  which  eliminated  the  landward 
hydraulic  gradient.   Deficient  precipitation  since  19li5  and  increased  ground 
water  extractions  depleted  ground  water  storage^  and  as  a  result^  a  landward 
gradient  in  the  Oxnard  aquifer  has  existed  since  19U8o   Ground  water  levels  in 
the  summer  of  1957  are  shown  on  Plate  lU.  As  shown^  the  water  table  was  below 
sea  level  throughout  virtually  all  of  the  basinp  and  at  one  point  three  and 
one-half  miles  inland  from  ^he  coast,  the  water  level  was  UO  feet  below  sea 
level  o 

Plate  lU  shows  lines  of  equal  chloride  concentration  for  100  and  ^00 
parts  per  million  (ppm)o  Throughout  most  of  the  basinn  the  chloride  content  is 
less  than  50  ppm.,  and  available  data  indicate  that  similar  water  quality  existed 
in  the  entire  coastal  segment  of  the  basin  prior  to  1930o  As  shown^  there  are 
two  major  areas  of  intrusions  a  northerly  area  in  the  vieiriity  of  Port  Hueneme 
and  a  southerly  area  near  Mugu  Lagoono 

In  the  vicinity  of  Port  Hueneme  <,  sea  water  has  intruded  a  distance  of 
approximately  1,5  niiles  inland  into  the  highly  productive  Oxnard  aquifer.   It 
has  been  necessary  to  abandon  wells  vrLthin  this  area,  and  alternate  water 
supplies  have  had  to  be  developed.  During  the  period  1955-575  there  appears 
to  have  been  an  appreciable  advance  of  saline  water  northward  from  Port  Hueneme, 
although  very  little  eastward  advance  was  detectibleo  '  In  this  area,  the  maxi- 
mum rate  of  advance  during  the  1955-1957  period  is  estimated  to  be  about  1,500 
feet  per  year,  Plate  15  shows  fluctuation  of  the  chloride  ion  concentration  in 
a  well  near  Port  Hueneme  during  the  period  of  1955  through  1957.  This  variation 
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considered  to  be  typical  of  well  waters  being  degraded  by  the  advance  of  a 
saline  flow. 

In  the  vicinity  of  Mugu  Lagoon,  the  intrusion  is  not  as  accurately 
determined,  due  to  the  absence  of  water  wells  and  necessary  data.  Analyses  of 
water  from  wells  in  Point  Mugu  Naval  Reservation,  however,  do  show  degradation 
from  sea  water.   From  limited  data  available,  it  is  believed  that  within  this 
:area  sea  water  is  intruding  the  Mugu  aquifero  Water  levels  indicate  that  a 
landward  gradient  in  the  water  table  in  this  area  existed  as  early  as  19U7, 
and  that  a  progressive  increase  in  gradient  has  occurred  since  that  date.   This 
increasing  slope  indicates  that  an  acceleration  of  sea-water  intrusion  may  be 
occurring  in  this  area. 

Fox  Canyon  aquifer  extends  under  the  Oxnard  Plain  at  a  greater  depth 
than  either  the  Oxnard  or  Mugu  aquifers.  -  This  aquifer  underlies  the  Oxnard 
aquifer  in  the  vicinity  of  Oxnard  and  Port  Hueneme,  and  is  virtually  unexploited 
in  this  area.   However,  to  the  east  in  Pleasant  Valley  the  Fox  Canyon  aquifer 
is  extensively  used  and  water  levels  have  dropped  to  more  than  UO  feet  below 
sea  level  in  several  areas.  Lowered  water  levels  in  this  aquifer  represent  a 
threat  of  sea=water  intrusion  through  areas  of  interconnection  with  overlying 
aquifers  and/or  direct  connection  with  the  ocean. 

The  abandonment  of  wells  in  the  area  of  sea-water  intrusion  has  served 
to  emphasize  the  fact  that  the  ground  water  reservoirs  are  undergoing  severe 
damage.  The  danger  to  the  remainder  of  the  basin  is  now  recognized,  and  a  con- 
certed effort  is  being  made  to  increase  the  use  of  imported  waters  so  that 
water  levels  may  be  restored  and  maintained  to  resist  the  landward  advance  of 
sea-water.   This  effort  includes  the  construction  in  1955  of  the  El  Rio  spread- 
ing grounds  for  spreading  diverted  floodwaters  from  the  Santa  Clara  River,  and 
completion  in  April,  1956,  of  a  pipe  line  to  Oxnard  for  delivery  of  imported 
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watero  Groiind.  water  levels  have  continued  to  drop  during  the  last  10  years^ 
and  sea-water  intrusion  will  continue  unless  recovery  of  water  levels  can  be 
accomplished  by  increasing  replenishment  and/or  reducing  ground  water  extractionso 

West  Coast  Basin 

West  Coast  Basin  is  located  on  the  Coastal  Plain  in  the  southwest 
section  of  Los  Angeles  County  and  is  bordered  by  Santa  Monica  Bay  on  the  west, 
the  Newport=Inglewood  Uplift  on  the  east^  and  Ballona  Escarpment  on  the  north. 
This  areaj  shown  on  Plate  l6c  includes  seven  cities  and  portions  of  three  others. 
It  is  highly  developed  industrially,.  Oil  production  and  refining^  aircraft^ 
electronics^  and  chemicals  are  among  the  leading  industries. 

West  Coast  Basin  contains  numerous  water=bearing  zones.  Of  these,, 
the  principal  aquifers  are  the  Silverado  and  "UOO^foot  gravel".  Although 
the  aquifers  are  separated  by  deposits  of  clay  and  silt  throughout  most  of  the 
basin,  they  merge  in  the  coastal  area  adjacent  to  Santa  Monica  Bay.  Under 
natural  conditions^  the  deeper  aquifers  were  recharged  primarily  by  ground  water 
moving  southwesterly  across  the  Newport=Inglewood  Uplift.  There  has  probably 
been  a  minor  amount  of  recharge  from  overlying  aquifers.   There  are  no  continuous 
geologic  barriers  to  ground  water  movement  in  this  basin  which  would  prevent  or 
retard  sea=water  intrusion  into  the  principal  aquifers. 

Prior  to  1900<,  West  Coast  Basin  was  an  area  devoted  largely  to 
agriculture c  and  use  of  ground  water  was  limited j  flowing  wells  were  common  in 
Ballona  gap,  and  water  levels  were  over  100  feet  above  sea  level  in  the  vicinity 
of  Hawthorne.  Favorable  physiographies  geographic^  and  climatic  conditions 
have  led  to  rapid  urban  growtho  and  extreme  changes  have  been  experienced  in 
this  basin.  Former  agricultural  lands  are  now  covered  with  residential  tracts 
and  commercial  and  industrial  centers.  Phenoirenal  increases  in  water  demands 
hrve  occurred.  Even  with  supplemental  imports  of  water^  ground  water  extractions 
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continued  to  increase  until  1953<>   Since  that  dates  the  majority  of  larger  pro- 
ducers have  voluntarily  curtailed  production  and  correspondingly  increased  im- 
portations so  that  extractions  have  been  reducedo 

'  Ground  water  levels  in  the  fall  of  1957  are  shown  on  Plate  16,  These 
levels  stand  out  in  sharp  contrast  to  those  that  existed  prior  to  I9OO0  Ground 
water  levels  have  been  reduced  so  that  the  piezometric  surfaces  in  the  confined 
aquifers  are  at  sea  level  or  below  throughout  virtually  all  of  West  Coast  Basin. 

:  Static  water  levels  in  the  vicinity  of  Hawthorne j,  four  miles  from  the  coast, 
have  dropped  to  over  80  feet  below  sea  level, 

Plate  16  also  shows  lines  of  equal  chloride  concentration  for  lOOg 
500j,  and  1,000  ppm^   Sea-water  intrusion  appears  to  have  occurred  along  -irlrtually 

.the  entire  shore  of  Santa  Monica  Bay.   The  average  rate  of  advance  of  the  100  ppm 
isochlor  into  this  basin  since  19$0  is  estimated  to  be  approximately  700  feet 

iper  year.   The  100  ppm  isochlor  located  approximately  3»8  miles  inland  in  an 

•  area  between  El  Segundo  and  Manhattan  Beach  has  moved  inland  at  a  rate  of 
approximately  l,ItOO  feet  per  year  since  19^0 »  It  is  notable  that  this  rapid 
advance  is  in  the  direction  of  the  pumping  depression  west  of  Hawthorneo 

Fluctuations  of  chloride  ion  concentration  with  time  in  well  3S/l5W-13R2 
are  shown  on  Plate  Ijo  This  well,  located  near  EL  Segiindo^  is  within  the  area 
of  intrusion,  and  the  chloride  ion  increase  shown  is  typical  of  increases  along 
the  intrusion  front. 

The  threat  of  ground  water  depletion  and  sea-water  intrusion  in  this 
basin  was  recognized  early  in  the  1900 's,  and  sea-water  intrusion  first  observed 
in  1912.   Since  that  time,  numerous  engineering  studies  of  the  problem  have 
been  made.  However,  the  first  large  scale  action  taken  to  alleviate  these  con- 
ditions was  the  importation  of  Colorado  River  water  in  19U9.  Since  that  time, 
the  inportation  has  continuously  increased. 
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In  1951.,  the  State  Legislatvire  appropriated  $T~;0^000  for  investi- 
gation of  methods  for  prevent!. on  of  sea-wat-er  irtrusion;  Effective  October  1, 
1951,,  the  State  Water  Resciarces  Board  entered  into  a  contract  with  the  Los 
Angeles  County  Flood  Control  District  for  the  installation  and  operation  of  an 
experimental  recharge  test  in  the  viciaity  of  Manhattan  Beach.  This  project 
consisted  originally  of  nine  Injection  wells,  forming  a  line  approximately 
one  mile  in  length  and  parallel  to  the  coast  line.  Softened  Colorado  River 
water  was  injected  through  -chase  wells  heginnii]g  February^  1953>  to  determine 
the  feasibility  of  the  maJ^ntenance  of  a  press-ore  ridge  above  sea  level  along 
the  one  mile  reach  of  coast  for  the  rep-iilsion  of  sea  -water.  Initially,  funds 
wer.?  made  available  for  a  per:»od  of  one  year.  However.,  additional  funds  were 
later  made  available  acd  the  State  Water  Resoiirces  Board  participated  in  the 
program  until  December  31,  1953>  when  fijnds  were  exhausted.  Since  January  1, 
193h;f   the  project  has  been  operated  by  the  Los  Angeles  Co-iacty  Flood  Control 
District  -with  the  assistance  from  the  West  Basin  Water  Association  and  Zone  2 
of  the  Flood  Control  District.  One  of  the  original  injection  wells  has  since 
been  put  out  of  operation  but  foixr  additional  wells  ir^ave  been  drilled  to  extend 
the  pressure  ridge  to  the  north  and  south.  A  complete  description  of  this 
project  will  be  contained  in  B-olletin  No.  63,  "Sea-Water  Intrusion  in  Cali  = 
fomia",  to  be  published  in  the  near  fatir'e. 

This  well  recharge  project  has  been  successful  in  the  creation  of  a 
fresh  water  ridge.  The  beneficial  effect  of  this  project  is  shown  by  changes 
in  ground  water  levels  and  in  the  slo%d.r.g  of  the  landward  advance  of  the 
100  ppm  isochlor  east  of  the  injection  wells.  This  halting  of  sea-water 
intrusion  is,  however,  restricted  only  to  the  project  line.  Sea  water  appears 
to  be  mo-'/l.ng  aro-jnd  the  line  both  to  "che  north  and  south,  and  this  important 
ground  water  reser'.'oir  is  suffering  further  damage, 
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East  Coastal  Plain  Pressvixe  Area 

The  East  Coastal  Plain  Pressure  area  is  located  in  the  westerly 
portion  of  Orange  Coiinty  bordering  the  Pacific  Ocean,  and  includes  the  Cities 
of  Costa  Mesa,  Newport  Beach,  and  Himtington  Beach.  Major  developments  include 
both  agricultural  and  oil  production  activities,  although  residential  develop^ 
ment  and  small  industries  are  growing  in  importance o 

Six  water-bearing  zones  have  been  differentiated  within  East  Coastal 
Plain  Pressure  area.  Two  of  these,  the  Talbert  water-bearing  zone  and  "80-foot 
gravel",  are  the  principal  producing  aquifers.  These  aquifers,  which  are  of 
Recent  age,  are  comprised  chiefly  of  coarse  sands  and  gravels. 

Prior  to  the  development  and  extensive  use  of  these  groimd  water 
reservoirs,  a  seaward  gradient  existed,  and  ground  water  moved  southerly  dis= 
charging  as  underflow  to  the  ocean.  The  only  significant  barrier  to  this  flow 
is  the  Newport -Inglewood  structural  zone  which  consists  of  a  group  of  en  echelon 
faults  and  folds.  This  zone  acts  as  a  partial  barrier  in  all  but  the  Recent 
deposits. 

The  history  of  this  basin  parallels  that  of  others  experiencing  sea= 
water  intrusion.  Heavy  piimping  has  depressed  ground  water  levels  below  sea 
level  and  resulted  in  a  landward  gradient  and  sea-water  intrusion.  Ground  water 
levels  in  the  fall  of  1957,  as  shown  on  Plate  17,  were  below  sea  level  throiigh- 
out  most  of  the  basin,  and  a  landward  gradient  existed. 

Plate  17  also  shows  lines  of  equal  chloride  concentration  for  50^  100.» 
and  500  ppm.  The  chloride  content  of  the  native  ground  water  appears  to  be  less 
than  30  ppm  in  this  basin,  and  it  is  believed  that  the  50  ppm  isochlor  is 
indicative  of  degradation  caused  by  sea-water  intrusion.  The  variation  of 
chloride  ion  content  with  time  is  shown  on  Plate  I5  for  well  No,  6s/10W°6L2, 
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which  is  locatad  vl,thln  the   area  of  intrasion.  It   is  notable  that  the  chloride 
content  increases  very  rapidly  cnee  a  ooncsentration  of  50  ppm  has  teen 
exceeded.  This  is  considered  typical  of  wells  being  degraded  by  sea-water 
intrasion  o  The  Newport; -Inglewood  stru.ctu.ral  zone  has  apparently  been  an 
effective  barrier  to  sea-water  intnisicn  as  the  only  deep  penetration  inland 
into  Orar^e  County  by  sea  water  has  occurred  in  the  Recent  deposits  of  Santa 
Ana  gapo  Since  1952^  sea  water  has  mc-ved  inland  in  these  deposits  at  an  aver- 
age rate  of  approximately  1^000  feet  per  year,  A  maximum  rate  of  approximately 
1^400  feet  per  year  was  estimated  in  one  area  within  the  gap-  The  500  ppm 
isochlor  now  ranges  from  two  tc  t.t/xes  miles  inland  from  the  coast.  This 
intrusion  has  necessitated  the  abandoninent  cf  many  wells  and  curtailment  of 
pumping  at  others. 

As  early  as  19^1  ji  Colorado  Rirer  water  was  imported  into  Orange  Count; 
to  help  alleviate  the  threat  to  valuable  groar.d  -water  reservoirs  created  by 
conditions  of  overdraft  and  sea-water  intrasion.  The  imported  water  was 
utilized  in  the  cities  to  reduce  the  draft,  on  ground  water  storage.  Since 
19^1^  there  has  been  ar^.  increasing  importation  of  Colorado  River  water  to  meet 
increasing  demands  and  to  combat  the  problem  of  falling  ground  water  levels. 
In  19^9;  the  Orange  County  Water  District  initiated  a  recharge  program  by 
importdng  un  softened  Colorado  River  water  and  spreading  it  in  the  Santa  Ana 
River  chanr.el.  In  1951.-  the  Orange  County  Flood  Cont.rol  District  joined  the 
Orange  Co'onty  Water  District  in  this  program.  In  195^ ;>  the  Talbeji:.  Water 
District  was  formed  to  use  water  reclaimed  from  sewage  purchased  from  the 
County  Sanitation  Districts  of  Orange  Co^iinty  for  irrigation,  Thi,s  water  re- 
clamation project  has  enabled  some  red;aetion  of  pumping  within  the  District . 

These  programs  of  importation  and  water  reclamation  have  undoubtedly 

been  very  beneficial.  However,  during  the  last  ten  years,  water  levels  h^ave 

continued  to  lower,  and  sea-water  intrusion  is  continuing.  Until  the  water 

levels  recover  above  sea  level,  intrasion  will  continue, 
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CHAPTER  V.    CONSTRUCTION  ACTIVITIES  AFFECTING 
WATER  SUPPLY  CONDITIONS 


Although  construction  activities  are  not  in  themselves  items  of  water 
supply,  they  will  in  the  future  directly  affect  water  supply  conditions  in  the 
Southern  California  District  area.   For  this  reason,  a  brief  outline  of  important 
activities  occurring  in  these  fields  during  the  1956-57  season  is  presented 
below. 

Construction  of  Dams 

Construction  was  completed  on  several  dams  during  1956-57,  and  con- 
struction was  initiated  on  other  projects  which  are  now  in  various  stages  of  com- 
pletion.  The  majority  of  these  facilities  are  being  constructed  for  water  con- 
servation and/or  flood  control  purposes o  In  Table  2U,  there  are  listed  the 
various  dam  projects  with  reservoir  storage  capacities  over  100  acre-feet  in 
the  southern  California  area  wh-ich  have  been  under  construction  during  the 
1956-57  vrater  year,  together  with  approximate  dates  of  starting  and  completion, 
and  the  agencv  responsible  for  the  work. 
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Major  Distribution  Facilities 

The  Metropolitan  Water  District  of  Southern  California  continued  work 
during  1956-57  on  its  expansion  programs  designed  to  con^jlete  Colorado  River 
Aqueduct  facilities  to  carry  their  full  1,212,000  acre-foot  annual  entitlement 
from  the  Colorado  River  to  the  coastal  area»   The  initial  construction  program^ 
completed  in  1939o  provided  t'^innelsj,  canals-,  and  conduits  sized  to  carry  the 
full  entitlement a  but  provided  only  one  of  the  two  barrels  required  for  each 
siphon  and  an  initial  pumping  capacity  of  only  600  cubic  feet  per  second  through 
three  pumps  at  each  of  five  stations.  During  the  past  year,  two  additional 
pumps  were  installed  at  each  of  the  five  p'omping  stations  and  installation  of 
the  sixth  pump  was  initiated.   These  two  additional  pumps  increased  total 
installed  capacity  of  each  plant  to  IjOOO  cubic  feet  per  secondo   Contracts 
were  awarded  in  January.,  1957 ,r  for  construction  of  i;?  siphons  comprising  the 
second  barrel  of  the  double-barrel  siphons  for  that  portion  of  the  aqueduct 
east  of  the  San  Jacinto  Tunnel.  The  siphons,  which  total  12ol  miles  in  lengthy 
are  scheduled  for  completion  in  December,  1958e  The  remaining  10  miles  of  the 
second  barrel  of  the  two-barrel  siphon  westerly  of  San  Jacinto  tunnel  will  be 
constructed  at  a  future  date. 

In  connection  with  alternate  route  studies  conducted  pursuant  to 
Item  hl9-,5  of  the  Budget  Act  of  1956j,  the  Department  of  Water  Resources  com- 
pleted its  investigation  of  alternative  aqueduct  routes  to  San  Diego  County  in 
February,,  1957 <.   The  report  for  this  investigation  was  Bulletin  61,  entitled 
••Investigation  of  Alternative  Aqueduct  Routes  to  San  Diego  County".  P-ursuant 
to  the  recommendations  presented  in  this  bulletin..  The  Metropolitan  Water 
District  of  Southern  California  and  the  San  Diego  County  Water  Authority  pro- 
ceeded with  plans  for  a  second  San  Diego  Aqueduct. 
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This  aqueduct,  which  will  more  than  double  the  capacity  of  facilities 
to  import  water  to  San  Diego  County,  will  extend  approximately  95  miles  from 
its  jimction  with  the  Colorado  River  Aqueduct  near  San  Jacinto  to  Lower  Otay 

!l  Reservoir.  The  north  portion  of  the  aqueduct,  to  be  constructed  by  The  Metro- 
politan Water  District  of  Southern  California,  will  extend  a  distance  of  about 
3^  miles  to  a  point  about  six  miles  south  of  the  county  line.  The  remainder 

'  of  the  aqueduct  in  San  Diego  Covmty  will  be  constructed  by  the  San  Diego 

I  County  Water  Authority. 

Several  portions  of  the  distribution  system  of  The  Metropolitan  Water 
District  of  Southern  California  were  completed  during  the  year.  Additions  to 
the  Lower  Feeder  include  0.8  mile  of  line  extending  westerly  from  a  point 
18.5  miles  west  of  Lake  Mathews  to  the  Santiago  lateral  turnout,  as  well  as 
the  Saxitiago  lateral  which  extends  8.8  miles  south  to  Santiago  Reservoir. 

■  This  section  of  the  feeder,  completed  in  November  of  1956,  has  made  possible 
the  delivery  of  unsoftened  Colorado  River  water  to  the  Santa  Ana  River  within 
Orange  Co\anty  for  replenishment  of  this  County's  ground  water  supplies.  Prior 
to  this  time,  imported  Colorado  River  water  was  released  into  the  Santa  Ana 
River  for  Orange  County  at  Pedley  Bridge  near  Arlington  in  Riverside  County. 
A  second  portion  of  the  Lower  Feeder,  extending  from  South  Gate  easterly 
11.7  miles  to^the  Los  Angeles  Co\mty  boundary,  as  well  as  a  U. 3-mile 
extension  of  the  West  Orange  County  Feeder  northly  to  a  junction  with  the 
Lower  Feeder,  increased  by  approximately  50  per  cent  the  quantity  of  softened 
water  available  to  Orange  Coiinty  users,  and  eased  a  shortage  which  had  existed 
for  several  years. 

The  21.1 -mile  section  of  the  Middle  Feeder  from  La  Verne  to  Garvey 
Reservoir  has  been  under  construction  throughout  the  entire  year  under  three 
contracts.  The  last  segment  of  this  work  was  schediiled  for  completion  on 
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November  30,  19^7.   The  most  easterly  5.U-mile  section  of  the  Middle  Cross 
Feeder  that  extends  westerly  from  the  Middle  Feeder  in  South  Gate  to  the  Palos 
Verdss  Feeder  was  completed  on  November  23 i,  1956o 

During  1956-57*  the  Los  Angeles  Department  of  Water  and  Power  began 
the  construction  of  an  additional  U,l  miles  of  the  Granada  Trunk  Lineo  This 
line  is  to  extend  from  the  Los  Angeles  Aqueduct  above  Van  Norman  Lake  approx- 
imately 20  miles  to  a  terminal  reservoir  or  reservoirs  to  be  established  in 
the  western  San  Fernando  Valley « 
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PLATE     5 


ESTIMATED      MAXIMUM       WATER      SUPPLY       WHICH      CAN      BE 
IMPORTED     TO     COASTAL      SOUTHERN       CALIFORNIA      THROUGH 
FACILITIES     OF     THE      LOS      ANGELES      AQUEDUCT     OF    THE  CITY 
OF     LOS     ANGELES     AND     THE     COLORADO    RIVER     AQUEDUCT 
OF     THE     METROPOLITAN     WATER     DISTRICT     OF    SOUTHERN 
CALIFORNIA,     1,500.000     ACRE-FEET 


TOTAL      IMPORT- 


I 


..THE     METROPOLITAN     WATER     DISTRICT    OF    SOUTHERN      CALIFORNIA 
AS     MEASURED     AT    HAYFIELD     PUMPING    PLANT 


>LOS     ANGELES     DEPARTMENT     OF     WATER     AND     POWER, 
I    ESTIMATED     OUTFLOW     FROM    FAIRMONT     RESERVOIR 


WATER     YEAR  -  OCTOBER    I     THROUGH     SEPTEMBER    30 


HISTORIC         ANNUAL 


SUPPLY       OF 
SOUTHERN 


WATE  R       IMPORTED 
CALIFORNIA 


TO        COASTAL 


DEPARTMENT     OF     WATER     RESOURCES 


KEY     MAP 
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STATE   OF   CALIFORNIA 

DEPARTMENT    OF    WATER    RESOURCES 

WATER    SUPPLY  CONDITIONS  IN   SOUTHERN 

CALIFORNIA    DURING   1956-57 

LOCATION   OF  WELLS  AT   WHICH 

WATER   LEVEL   FLUCTUATIONS  ARE  SHOWN 

CENTRAL   COASTAL  REGION  NO  3 

,C.LlOf«IL» 


NlKHtlCAL  DESIGNATIONS  OF 
(310UND  WATEB  VALLEYS  AND  BASINS 


It-I-OO  Upper  OJal  Valley 

l*-2.00  OJal  Valley 

h-l.OO  Ventura  River  Valley 

lt-3'01  Lower  Ventura  River  Beeln 

•1-3.02  Upper  Ventura  River  Basin 

•t-U.OO  Santa  Clara  River  Valley 

li-U.Ol  CDcnard  Plain  Pressure  Area 

U-4.02  Qxnard  Plain  Forebay  Area 

•i-lt-OS  Hound  Pressure  Area 

It-lt.OU  Santa  Paula  Basin 

lt-l*,05  Flllaore  Basin 

ii-k.Q6  Piru  Basin 

1«-1».07  Eastern  Basin 

lt-5.00  Acton  Valley 

U-6.00  Pleasant  Valley 

It-T-OO  Arroyo  Santa  Rosa  Valley 

l*-8.00  las  Posas  Valley 

U-6.01  West  Ifls  Poses  Basin 

i*-8.02  East  Las  Posae  Basin 

4-9.00  Slni  Valley 

U-IO.OO  Conejo  Valley 

4-11.00  Coastal  Plain  (Ics  Angeles  County) 

4-11.01  West  Coast  Basin  North 

4-11.02  West  Coast  Baaln 

4-11.03  Central  Coastal  Plain  Pressure  Area 

4-11.04  Los  Angelea  Forebay  Area 

4-11.05  Hontebello  Forebay  Area 

4-11.06  Hollywood  Basin 

4-11.07  Los  Angeles  Narrows  Basin 

4-11.08  la  Habra  Basin 

4-12.00  San  FemaMo  Valley 

4-12.01  San  Fernando  Basin 

4-12.02  Bull  Canyon  aaeio 

4-12.03  Sylaar  Basin 

4-12.04  Pacolma  Basin 

4-12.05  Tujunga  Basin 

4-12,06  Little  Tujunga  Basin 

4-12.07  Verdugo  Baaln 

4-13,00  San  Gabriel  Valley 

4-13.01  Main  San  Gabriel  Basin 

4-13,02  Moak  Hill  Basin 

4-13.03  Pasadena  Subarea 

4-13.04  Santa  Anita  Subarea 

4.13,05  Upper  Canyon  Basin 

4-13.06  Lower  Canyon  Basin 

4-13.07  Gleudora  Basin 

4-13,06  Way  Hill  Baaln 

4-13,09  San  Dlmas  Basin 

4-13.10  Footbill  tosin 

4-13,11  Spadra  Basin 

4-13.12  Puente  Basin 

4-14.00  Upper  Santa  Ana  Valley  (Los  Angeles  County) 

4-14,01  Chlno  Basin 

4-14.02  Pomona  Basin 

4-14.03  Live  Oak  Basin 

4-14,04  Claremont  Heists  Basin 

4-15,00  Tlerra  Rejada  Valley 

4-16,00  Hallbu  Coastal  Croup 

4-16.01  Hidden  Valley  Basin 

4-16.02  Russell  Baaln 

4-16.05  Arroyo  Seqult  Canyon  Baaln 

4-16.09  Trancae  Canyon  Basin 

4-16.10  Zuna  Canyon  Basin 

4-l6.ll  Ranera  Canyon  Basin 

4-16.16  Hallbu  Creek  Basin 

4-16.19  Las  Plores  Canyon  Basin 

4-16,20  Piedra  Gorda  Canyon  Basin 

l*-l6.2S  Las  VirireneB  Canyon  Basin 


STATE  OF  CALIFORNIA 

DEPARTMENT    OF    WATER    RESOURCES 

WATER   SUPPLY  CONDITIONS  IN  SOUTHERN 

CALIFORNIA    DURING  1956- 57 

LOCATION   OF  WELLS  AT   WHICH 

WATER   LEVEL  FLUCTUATIONS  ARE  SHOWN 

LOS  ANGELES  REGION  N04 


NUMHIICAL  DESICKATIONS  OF 
(310UND  WATm   VALLEYS  AND  BASINS 
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6-36.00 

6.37.00 

6-36.00 

6-39.00 
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6-Ul*.01 
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Mono  Valley 

Adobe  Lake  Valley 

Long  Valley 

Owens  Valley 

Black  Springs  Valley 

Fish  lake  Valley 

Deep  Springe  Valley 

Eureka  Valley 

Saline  Valley 

Death  Valley 

Wlngate  Valley 

Middle  AmargO£.a  Valley 

Lower  Kingston  Valley 

Upper  Kingston  Valley 

Biggs  Valley 

Red  Pass  Valley 

Bicycle  Valley 

Ava«at2  Valley 

Leach  Valley 

Pahrump  Valley 

Mesqulte  Valley 

Ivanpah  Valley 

Kelso  Valley 

Broadwell  Valley 

Soda  Lake  Valley 

Silver  Lake  Valley 

Cronise  Valley 

Langford  Valley 

Coyote  Lake  Valley 

Caves  Canyon  Valley 

Troy  Valley 

Lower  Hojave  Blver  Valley 

Middle  Mojave  River  Valley 

Upper  Mojave  River  Valley 

El  Mirage  Valley 

Antelope  Valley 

Heenach  bsin 
Willow  Springs   tesln 
Gloater  Basin 
Chaffee  Basin 
Lancaster  teeio 
Buttes  Basin 
Rock  Creek  Baelo 
North  Muroc   Basin 

Tehachapi  Valley  East 

Fremont  Valley 

Harper  Valley 

Goldstone  Volley 

Superior  Valley 

Cuddeback  Valley 

Pilot  Knob  Valley 

Searles  Valley 

Salt  Welle  Valley 

Indian  Welle  Valley 

Coso  Valley 

Rose  Valley 

Darwin  Valley 

Panamlnt  Valley 
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STATE  OF  CALIFOBNI* 

DEPARTMENT   OF   WATER    RESOURCES 

WATER    SUPPLY  CONDITIONS  IN  SOUTHERN 

CALIFORNIA    DURING  1956-57 

LOCATION   OF  WELLS  AT   WHICH 

WATER   LEVEL  FLUCTUATIONS  ARE  SHOWN 

LAHONTAN    REGION   NO  6 


NUMERICAL  DESIGNATIONS  OF 
CSOUHD  WATH?  VALLEYS  AND  BASINS 


7-1.00       Lanfair  Valley 

7-2.00       Fenner  Valley 

7-3.00  Ward  Valley 

7-'*. 00  Rice  Valley 

7-5-00  Chuckawalla  Valley 

7-6.00  Pinto  Valley 

7-7.00  Cadiz  Valley 

7-8.00  Bristol  Vcilley 

7-9-00  Dale  Valley 

7-10.00  Twentynine  Palms  Valley 

7-11.00  Copper  Mountain  Valley 

7-12-00  Warren  Valley 

7-13-00  Deadman  Valley 

7-ll*-00  Lavic  Valley 

7-15.00  Bessemer  Valley 

7-16.00  Ames  Valley 

7-17-00  Means  Valley 

7-18.00  Johnson  Valley 

7-19.00  Lucerne  Valley 

7-20.00  Morongo  Valley 

7-21.00  Coachella  Valley 

7-22.00  West  Salton  Sea  Valley 

7-23.00  Clark  Valley 

7-2l*.00  Borrego  Valley 

7-25.00  Ocotillo  Valley 

7-26.00  Terwilliger  Valley 

7-27.00  San  Felipe  Valley 

7-28.00  Vallecito-Carrizo  Valley 

7-29.00  Coyote  Wells  Valley 

7-30 -00  Imperial  Valley 

7-31.00  Orcopla  Valley 

7-32.00  Chocolate  Valley 

7-33.00  East  Salton  Sea  Valley 

7-3'*. 00  Amos  Valley 

7-35.00  Ogilby  Valley 

7-36.00  Yuma  Valley 

7-37.00  Arroyo  Seco  Valley 

7-38.00  Palo  Verde  Valley 

7-39-00  Palo  Verde  Mesa 

7-1*0.00  Quien  Sabe  Point  Valley 

7-'tl.0O  Calzona  Valley 

7-1*2.00  Vidal  Valley 

7-U3.OO  Chemehuevls  Valley 

7-'*lt.O0  Needles  Valley 

7-1*5.00  Piute  Valley 

7-1*6.00  Canebrake  Valley 

7-1*7.00  Jacuraba  Valley 
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i^gg=^=g^^  GROUND  WftTER  enSIN  AND  NUMERICAL 
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^^^^i^  REGION  BOUNDARY 

^^^^^■■M  GROUND  WATER  vAllEY  BOUNDARY 

^^^•^    GROUND  WATER  BASIN  BOUNDARY 
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STATE    OF   CALIFORNIA 

DEPARTMENT    OF    WATER    RESOURCES 

WATER    SUPPLY  CONDITIONS  IN   SOUTHERN 
CALIFORNIA    DURING  1956-57 

LOCATION   OF  WELLS  AT  WHICH 

WATER    LEVEL  FLUCTUATIONS  ARE  SHOWN 

COLORADO  RIVER  BASIN  REGION  NO.  7 


NWERICAL  DESIGNATIONS  OF 
raOUND  WATER  VALLEre  AMD  BASINS 


8-1.00  Coastal  Plain  (Orange  County) 

8-1.01  East  Coastal  Plain  Pressure  Area 

8-1.02  Santa  Ana  Forebay  Area 

8-1.03  Irvine  Basin 

8-l.OU  La  Habra  Basin 

8-1.05  Yorba  Linda  Basin 

8-1.06  Santa  Ana  Narrows  Basin 

8-1.07  Santiago  Basin 

8-2.00  Upper  Santa  Ana  Valley 

8-2.01  Chino  Basin 

8-2.02  Claremont  Heights  Basin 

8-2.03  Cucajnonga  Basin 

8-2. OU  Rialto  Basin 

8-2.05  Colton  Basin 

8-2.06  Bunker  Hill  Basin 

8-2.07  Lytle  Basin 

8-2.08  Upper  Cajon  Basin 

8-2.09  Lower  CaJon  Basin 

8-2.10  Devil  Canyon  Basin 

8-2.11  Yucalpa  Basin 

8-2.12  Beaumont  Basin 

8-2.13  San  Tljnoteo  Basin 

8-2, lit  Beche  Canyon  Basin 

8-2.15  Riverside  Basin 

8-2.16  Arlington  Basin 

8-2.17  Temescal  Basin 

8-2.18  Bedford  Basin 

8-2.19  Coldwater  Basin 

8-2.20  Lee  Lake  tosin 

8-3.00  Cajalco  Valley 

8-U.OO  Elsinore  Valley 

8-5.00  San  Jacinto  Valley 

8-6.00  Hemet  Lake  Valley 

8-7.00  Big  Meadows  Valley 

8-8.00  Seven  Oaks  Valley 

8-9.00  Bear  Valley 
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^^^  ^IM  HEClON  BOUNDAni 
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STATE   OF  CALIFORNIA 

DEPARTMENT    OF    WATER    RESOURCES 

WATER   SUPPLY  CONDITIONS  IN   SOUTHERN 

CALIFORNIA    DURING  1956-57 

LOCATION   OF  WELLS  AT   WHICH 

WATER   LEVEL  FLUCTUATIONS  ARE  SHOWN 

SANTA  ANA  REGION  N08 


HUMERICAl  DESIGNATIONS  OF 
CROUMD  WATIB  VALLEIE  AUD  BASIRS 


9-1.00 

San  Juan  Valley 

9-1.01 

Aliso  Creek  Basin 

9-1.02 

San  Juan  Creek  Basin 

9-2.00 

San  Mateo  Valley 

9-3-00 

San  Onofre  Valley 

9-lt.OO 

Santa  Margarita  Valley 

9-5.00 

Temecula  Valley 

9-5.01 

Murrieta  Baaln 

9-5.02 

Pauba  Basin 

9-5.03 

Wolf  Basin  (Pechanga) 

9-6.00 

Coahulla  Valley 

9-7.00 

San  Luis  Rey  Valley 

9-7.01 

Mission  Basin 

9-7.02 

Bonsall  Basin 

9-8.00 

Warner  Valley 

9-9.00 

Escondido  Valley 

9-10.00 

San  Pasqual  Valley 

9-10.01 

l£ke  Hodges  Basin 

9-10.02 

San  Pasqual  Basin 

9-10.03 

Fellclta  Basin 

9-10.011 

Green  Basin 

9-10.05 

Highland  Basin 

9-10.06 

Paiso  Basin 

9-10.08 

Santa  Ysabel  Basin 

9-11.00 

Santa  Maria  Valley 

9-11.01 

RajFona  Basin 

9-11.02 

Lower  Hatfield  Basin 

9-11.03 

'•(ash  Hollow  Basin 

9.II.0U 

Upper  Hatfield  Basin 

9-11.05 

Santa  Teresa  Basin 

9-11.06 

Ballena  Basin 

9-12.00 

San  Dlegulto  Valley 

9-12.01 

San  Dieguito  Basin 

9-12.02 

La  Jolla  Basin 

9-13-00 

Poway  Valley 

9-ii*.oo 

Mission  Valley 

9-15.00 

San  Diego  Rive,-  Valley 

9-16.00 

El  Cajon  Valley 

9-17-00 

Sweetwater  Valley 

9-18.00 

Otay  Valley 

9-19.00 

Tia  Juana  Valley 

9-20.00 

Jamul  Valley 

WHICH  WAfEB  LEVCI.    FlUCTUSTION    iS  SHOWN 
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STATE    OF    CALIFORNIA 

DEPARTMENT    OF    WATER    RESOURCES 

WATER    SUPPLY  CONDITIONS  IN   SOUTHERN 

CALIFORNIA    DURING   1956-57 

LOCATION   OF  WELLS  AT   WHICH 

WATER   LEVEL  FLUCTUATIONS  ARE  SHOWN 

SAN  DIEGO  REGION  N0.9 
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SANTA    yNEZ    RIVER    VALLEY    [3-15.00) 
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eOLETA    BASIN  (3-1601) 
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CARPINTERIA    BASIN  (3-1604) 
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SANTA  CLARA    RIVER   VALLEY  (4-400) 

OXNARO    PLAIN    PRESSURE    AREA  (4-401) 
w£ll    IU/Z2  W-SF4     see  B  M 
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SAN    FERNANDO    VALLEY  (4-12.00) 
SAN  FERNANDO    BASIN  (4-12.01) 
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SAN   GABRIEL    VALLEY   (4-13.00) 

MAIN    SAN   GABRIEL    BASIN  (4-1301) 
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FLUCTUATION    OF     WATER     LEVELS 
AT    KEY    WELLS    IN    SOUTHERN    CALIFORNIA 
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MIDDLE    MOJAVE    RIVER    VALLEY  {  6-41. OOJ 
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UPPER    MOJAVE   RIVER   VALLEY   (6-42.00) 
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ANTELOPE    VALLEY  I  6-44,001 

CH&FFCf     BASIN    (6-4404I 
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COASTAL  PLAIN  .  ORANGE   COUNTY  (  B-1.00  ) 
EAST    COfiSTfiL    PLAIN    PRESSUBE  AREA  (B-LOI) 


UPPER     SANTA    ANA    VALLEY   (8-2.00) 
CMINO    BASIN  (8-201) 
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TEMECULA    VALLEY    (9-500) 
MUnRlETA    BASIN  19-901) 


SAN    LUIS   REY    VALLEY    (  9-7.00) 
MISSION    BASIN  (9-701) 
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FLUCTUATION    OF    WATER     LEVELS 
AT   KEY   WELLS    IN   SOUTHERN    CALIFORNIA 


LEGEND 

City     eoUNOARt 

RES£nvATION      BOUNOABI 

EDGE   OF    NONWfiTeR-BEftfiING    flBEft    iMiLLSl 

•  WELLS   FOB    OuflLITf    CONTBOL 

•  WELLS    FOB    WflTEB    LEVEL    CONTROL 

•  WELLS    FOR    BOtM   QUALITY   flNO    WATER    LEVEL 
CONTROL 

-40 GROUND   WATER    LEVEL   IN   THE   OKNARO 

flOuiFEB.  Summer  ost,  oasheo  when 

CONTROL     IS    LIMITED 
■^IOO*rf    LINE    OF   EQUAL    CmlOBIDE     CONCENTHAKON, 

SUMMER    I9ST.   DASMEO    WHEN    CONTROL   IS    LIMITED. 
GROUNDWATERS   CONTAINING    OVER 
500    PARTS    PER    MILLION 


STATE  OF  CALIFORNIA 

DEPARTMENT   OF   WATER    RESOURCES 

WATER  SUPPLY  CONDITIONS  IN   SOUTHERN 
CALIFORNIA    DURING    1956-57 

STATUS    OF  SEA^ATER    INTRUSION 
OXNARD    PLAIN    PRESSURE    AREA 

SCALE   OF    MILES 


COASTAL   PLAIN,   ORANGE    COUNTY  (8- 1.00) 

EAST    COASTAL    PLAIN     PRESSURE    AREA  (8-101) 

WELL    6S/I0W-6L2 
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COASTAL    PLAIN,  LOS     ANGELES    COUNTY  (4-11.00) 
WEST    COAST     BASIN    (4-11.02) 
WELL   3S/I5W-I3R2 


SANTA    CLARA    RIVER    VALLEY  (4-4.00) 

OXNARD    PLAIN    PRESSURE   AREA  {4-4,01) 

WELL  IN/22W-I7J2 
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CHLORIDE  FLUCTUATIONS         IN       SELECTED        WELLS 


OEPaOTMENT    OF    WATER    RESOURCES 


PLATE  17 


THIS    BOOK    IS    DUE    ON    THE    LAST    DATE 
STAMPED   BELOW 


RENEWED  BOOKS  ARE  SUBJECT  TO  IMMEDIATE 
RECALL 


^^ 


LIBRARY,  UNIVERSITY  OF  CALIFORNIA,  DAVIS 

Book  Slip-20m-8,'61(C1623s4)458 
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California,     Dept.  of 
v-ater  resources. 
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PHYSICAL 
SCIENCES 
LIBRARY 


LIBRARY 

UNTVERSITV  OF  CALIFORNIA 
DAVIS 


240470 


175  00664  4366 


